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Abstract
This thesis presents a Dalitz plot analysis of D0 → K0Spi0pi0 using the CLEO-c data set
of 818 pb−1 of e+e− collisions accumulated at
√
s = 3.77 GeV. This corresponds to about
3 million D0–D0 pairs from which we select 1260 tagged candidates with a background
of roughly 6%. We find that S-wave features dominate the pi0pi0 axis of the Dalitz plot,
contributing about one-third of the total decay rate, while the K∗(892) is the dominant K0Spi
0
contribution. Using three tag modes and correcting for quantum correlations we determine
that the D0 → K0Spi0pi0 branching ratio is (1.059 ± 0.049 ± 0.050)%.
ii
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Chapter 1
The Standard Model
Following J.J. Thompson’s discovery of the electron in 1897 and Ernest Rutherford’s in-
terpretation of the nucleus in 1911, an inordinate number of particles were discovered by
using cosmic ray detectors and particle accelerators. These discoveries led to the formula-
tion of the Standard Model of particle physics that describes the fundamental composition
and interactions of matter.
1.1 Fundamental Particles of Matter
The Standard Model groups six quarks and six leptons into three generations of increasing
mass with each generation contsisting of an up-type quark, a down-type quark, an electrically
charged lepton, and an electrically neutral lepton. Relative to the charge of an electron,
defined as −e, quarks and leptons have electrical charges + 2
3
e, −1
3
e, −e, and zero for the
up-type quarks, down-type quarks, charged leptons, and neutral leptons respectively. In
order of increasing mass, the up-type quarks are the up (u), charm (c), and top (t), and the
down-type quarks are the down (d), strange (s), and bottom (b). The charged leptons are
the electron (e), muon (µ), and tau (τ), and the neutral leptons are the electron neutrino
(νe), muon neutrino (νµ), and tau neutrino (ντ ). Table 1.1 summarizes the generations and
electrical charges of quarks and leptons. Each quark and lepton is a spin- 1
2
fermion, and
1
each has an antiparticle with the same mass and spin but opposite sign of additive quantum
numbers such as electrical charge. For example, a down quark has charge − 1
3
e, but an
anti-down quark (d) has charge + 1
3
e.
Together with their antiparticles, quarks and leptons are the fundamental constituents
of matter in the Standard Model. Isolated leptons are readily found in nature, but quarks
are only observed in bound states consisting of quark and antiquark (qq) pairs called mesons
or trios of either quarks (qqq) or antiquarks (qqq) called baryons. Mesons and baryons are
collectively known as hadrons.
1.2 Quark Decay
Four fundamental forces affect the interaction of particles: strong, weak, electromagnetic,
and gravity, although the Standard Model does not include gravity due to its weakness com-
pared to the other three forces. Massless spin-1 gauge bosons, called gluons (g), mediate the
strong interaction. Two electrically charged massive spin-1 gauge bosons, the W + and W−,
and a neutral massive spin-1 gauge boson, the Z0, mediate the weak interaction. Photons
(γ), which are massless spin-1 gauge bosons, mediate the electromagnetic interaction. Gluons
interact with a fundamental property known as color. Only quarks and gluons have color,
so leptons do not interact via the strong interaction. Photons couple to electric charge, so
neutrinos have no electromagnetic interactions. All quarks and leptons can interact through
the weak interaction.
By emitting or absorbing a charged W+ or W− boson, the weak interaction allows one
type of quark to change into another. Unless forbidden by energy conservation, a quark gen-
erally decays within its generation, but due to a difference in the weak and mass eigenstates,
a quark can decay to a different generation. The weak eigenstates of the down-type quarks
(|d′〉, |s′〉, |b′〉) are related to the mass eigenstates (|d〉, |s〉, |b〉) by the Cabibbo-Kobayashi-
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Maskawa (CKM) matrix VCKM shown in Equation 1.1.


d′
s′
b′


= VCKM


d
s
b


=


Vud Vus Vub
Vcd Vcs Vcb
Vtd Vts Vtb




d
s
b


(1.1)
The coupling strength used to determine a quark’s interaction probability amplitude is given
by gVij where i and j are the quark flavors and g is the universal weak coupling constant.
Reflecting the fact that a quark typically decays within its own generation, the magnitudes
of the diagonal CKM matrix elements are close to one, but a quark can decay to a different
generation because the off-diagonal elements of VCKM have nonzero magnitudes.
Figure 1.1 shows one possible Feynman diagram for the D0 → K0Spi0pi0 decay through an
intermediate K0Spi
0 resonance, and Figure 1.2 depicts a Feynman diagram example for the
same decay through an intermediate pi0pi0 resonance. Both examples show the weak decay
of a charm quark to a strange quark by emitting a W+ boson and a second weak interaction
that creates an up quark and an anti-down quark from the W+ boson. The intermediate
resonance undergoes a stong interaction to create the K0Spi
0pi0 final state.
1.3 Violation of Discrete Symmetries
In particle physics, fundamental symmetries lead to invariance of physical quantities. One
example of a discrete symmetry is parity inversion which reflects position with respect to
the origin. Equation 1.2 defines the parity operator Pˆ .
Pˆ~r = Pˆ (x, y, z) ≡ (−x,−y,−z) = −~r (1.2)
Velocities, accelerations, and linear momenta are reversed under the parity transformation, so
they have negative parity with an eigenvalue P equal to−1. Angular momentum, which is the
vector product of displacement and momentum, is preserved under the parity transformation,
3
so it has positive parity with eigenvalue +1. By convention, quarks have positive parity, and
antiquarks have negative parity. The parity of a hadron is the product of the parities of each
quark composing the hadron multiplied by (−1)L where L is the orbital angular momentum
of the hadron.
Charge conjugation is another example of a discrete symmetry. The charge conjugation
operator Cˆ reverses internal quantum numbers which changes a particle into its antiparticle.
Most particles, such as the D0, are not their own antiparticle and have no charge conjugation
quantum number, but some, such as the K0S and pi
0, are their own antiparticle and have a
charge conjugation eigenvalue C equal to (−1)L+S where S is its spin.
Charge conjugation and parity inversion symmetries hold under strong decays, but they
are violated in weak decays. Charge-Parity (CP ) symmetry, which is the combination of
charge symmetry and parity symmetry, was once thought to hold true for weak decays,
but its violation has been observed in neutral kaons and neutral B mesons. The Standard
Model predicts CP violation to be negligibly small for charm decays, and CP violation
has not yet been observed in neutral D mesons. Zero CP violation implies that conjugate
decays, such as D0 → K∗(892)pi0 and D0 → K∗(892)pi0, have the same decay rate which
provides improved uncertainties on measurements by combining the statistics of nominal and
conjugate processes.
1.4 Four-Momentum
In relativistic mechanics, the four-momentum of a particle describes several of its kinematic
properties. The four-momentum of a particle is related to its energy E and linear momentum
~p via Equation 1.3 in which p1, p2, and p3 are the three components of ~p, and Equation 1.4
gives the relation satisfied by the energy, linear momentum, and mass m of the particle.
P µ =
(
E
c
, p1, p2, p3
)
(1.3)
4
E2 = |~p|2 c2 +m2c4 (1.4)
The Minkowski inner product of four-momentum with itself is a Lorentz invariant quantity,
and Equation 1.5 shows that it is equal to the particle’s invariant mass squared.
P µPµ =
(
E
c
, p1, p2, p3
)


1 0 0 0
0 −1 0 0
0 0 −1 0
0 0 0 −1




E
c
p1
p2
p3


=
E2
c2
− |~p|2 = m2c2 (1.5)
Measuring a particle’s four-momentum in any reference frame provides the means to deter-
mine its invariant mass.
Conservation of four-momentum is critical to the reconstruction of events in which the
parent particle is not observed but the daughters of the decay are. Considering the generic
two-body decay D → ab, conservation of four-momentum requires that the sum of the
four-momenta of the daughters, labeled either Pab or P (ab), equals the four-momentum of
the parent PD. Therefore, the invariant mass of the parent must equal the invariant mass
constructed from the final state particles as demonstrated in Equations 1.6–1.8.
PD = Pa + Pb (1.6)
|PD|2 = |Pab|2 (1.7)
m2Dc
2 = m2abc
2 (1.8)
If two identified pions are suspected to have originated from a K0S → pi+pi− decay, the
invariant mass of the two pions, calculated from lab measurements of each pion’s four-
momentum, should equal the nominal K0S mass, and significant deviation implies that they
did not. If the pions are correctly identified as the daughters of a K0S decay, the unknown K
0
S
four-momentum is identical to the sum of each pion’s measured four-momentum. After the
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K0S has been reconstructed, its four-momentum can be used to identify other decays such as
D0 → K0Spi0pi0.
1.5 Correlations and Interference
This thesis describes the analysis of D0 → K0Spi0pi0 decays where the D0 comes from
ψ(3770) → D0D0. In order to suppress backgrounds, the decay of the D0 to some tag-
ging mode, for instance D0 → K+pi−, is also reconstructed. While this “double tagging”
technique results in a very clean event sample, it also allows quantum mechanical interference
to modify observable decay rates relative to what would be measured in a more conventional
“single tagged” analysis where the only the the D0 → K0Spi0pi0 decay is reconstructed. Since
Section 6.2 of this thesis describes an attempt to extract the D0 → K0Spi0pi0 branching ratio
in a way that accounts for this, the effects of interference are discussed briefly below.
Consider an initial state ψ(3770) which decays to an unseen D0–D0 pair that ultimately
results in the observation of one set of daughter particles consistent with the signal K0Spi
0pi0
and a second set of daughter particles consistent with a K+pi− tag (or any other tag mode).
There are two distinct yet indistinguishable pathways from the initial to the final state: (a)
the signal can come from the D0 and the tag from the D0, and (b) the tag can come from
the D0 and the signal from the D0. Assuming Charge-Parity is conserved, the amplitude
for the signal to come from either the D0 or the D0 is the same, however the relevant CKM
matrix elements favor the tag in case (a), labeled the “right sign” mode and suppress it in
case (b), called the “wrong sign” mode. If the amplitude for the right sign and wrong sign
modes are given by ARSeiδRS and AWSeiδWS respectively, then the sum of the amplitudes is
equal to ARSeiδRS(1+ reiδ) where r is AWS/ARS and δ is δWS− δRS. Squaring this expression
shows that the rate is proportional to the square of the right sign amplitude times the factor
(1 + r2 + 2r cos δ). The first two terms represent the simple sum of the right sign and the
wrong sign rates, but the third term allows a significant potential contribution from the
6
interference of these. All of these terms need to be understood in order to extract the right
sign contribution to the total measured rate, and this will be addressed in Section 6.2.
1.6 Figures and Tables
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Figure 1.1: Feynman diagram of D0 → K0Spi0pi0 through an intermediate K∗ resonance
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Figure 1.2: Feynman diagram of D0 → K0Spi0pi0 through an intermediate f0 resonance
Table 1.1: From left to right, quarks and leptons are organized into three generations of increasing
mass. The electrical charges are listed in terms of e where −e is the charge of an electron.
Quarks
(
u
d
) (
c
s
) (
t
b
) (
charge = + 2
3
e
charge = − 1
3
e
)
Leptons
(
e
νe
) (
µ
νµ
) (
τ
ντ
) (
charge = −e
charge = 0
)
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Chapter 2
Three-Body Decays
For a generic resonance r and generic pseudo-scalar particles a, b, and c, Figure 2.1 shows a
Feynman diagram of D → rc followed by r → ab, and Equation 2.1 gives the decay amplitude
[1] of the process.
MD→(ab)rc =
∑
λ
〈ab|rλ〉Tr(mab)〈rλc|D〉 (2.1)
The sum over all possible helicity states of r must be done because the initial and final states
have no angular momentum. Tr(mab) is a dynamical function, such as a Breit-Wigner, that
describes the resonance. In general, a particular final state can be reached through different
intermediate resonances that interfere, so the total decay amplitude of D → abc can be
expressed as a coherent sum over individual resonances.
2.1 Dalitz Plot Formalism
In the rest frame of a D0 meson, the analysis of its decay to three spin-0 daughter particles
has twelve degrees of freedom since the four-momentum of each daughter is unknown. Con-
servation of four-momentum yields four constraints, and the known masses of the daughter
particles provide three additional constraints. Since the D0 is a spin-0 particle, the three
degrees of freedom describing the spatial orientation of the decay are irrelevant, so two
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independent degrees of freedom completely describe the dynamics of the decay.
Conservation of four-momentum in a generic D → abc decay leads to Equation 2.2 which
shows the relation satisfied by the masses of the four particles involved in the decay and the
three possible masses constructed from the four-momentum sum of two final state particles.
m2D +m
2
a +m
2
b +m
2
c = m
2
ab +m
2
bc +m
2
ca (2.2)
A Dalitz plot is a scatter plot using two of the three distinct mass squared values constructed
from two final state particles, so those three mass squared values are called Dalitz variables.
In terms of the Dalitz variables, Equation 2.3 gives the partial decay rate dΓ.
dΓ =
|M|2
256pi3m3D
dm2abdm
2
bc (2.3)
The density of events on a Dalitz plot is constant if and only if the amplitude M is constant,
so variations in event density across a Dalitz plot represent dynamical effects.
A Dalitz plot analysis gives insight into the internal structure of three body decays. The
Dalitz plot of a D → rc and r → ab decay would show events on the m2ab axis located
at the mass squared of the r resonance. When several bands are present, each indicative
of a D → abc decay through one particular r, their relative size and their interference in
regions of overlap reveal information about the complex decay amplitudes of the resonances.
A Dalitz plot analysis studies the substructure of a decay by fitting the data to measure
intermediate resonance decay amplitudes.
2.2 Resonance Models
Most decay amplitudes in a Dalitz plot are modeled by a Breit-Wigner, but complications
arise when a resonance is kinematically allowed to decay through different channels. The
proximity of a second threshold, even if it lies outside the kinematic boundary of a Dalitz
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plot, distorts the line shape of a single Breit-Wigner amplitude. In other words, simple Breit-
Wigner amplitudes work well for narrow resonances far from threshold, but other models,
such as a Flatte´ or a complex pole, provide better representations of other resonances.
2.2.1 Breit-Wigner Amplitudes
Using the Breit-Wigner propagator and Feynman rules, the amplitude of the decay chain
D → rc followed by r → ab evaluates to Equation 2.4 in which J is the spin of resonance r.
M(J)BW = F (J)D (PD − Pc)µ
∑
λ 
µ∗
λ 
ν
λ
m2r −m2ab − imrΓ(J)ab
(Pa − Pb)νF (J)r (2.4)
The factors F
(J)
D and F
(J)
r are decay form factors that account for finite sizes of the particles,
and Γ
(J)
ab is the mass-dependent width of the intermediate resonance. The form factors and
mass-dependent width are functions of the hadron’s breakup momentum q which is the
momentum of either daughter particle of a two-body decay in the parent particle’s rest
frame. As a function of the invariant mass of the two daughter particles, Equation 2.5 is the
breakup momentum of a r → ab decay. The mass-dependent width [2] is given by Equation
2.6 in which mr is the mass of r and Γr is its width.
qr(mab) =
√√√√(m2ab − (ma +mb)2)(m2ab − (ma −mb)2)
4m2ab
(2.5)
Γ
(J)
ab = Γr
mr
mab
(
qr(mab)
qr(mr)
)2J+1 (
F (J)r
)2
(2.6)
The decay form factors are generally unknown, but standard Dalitz plot analysis proce-
dure typically sets them equal to the Blatt-Weisskopf penetration factors [3] listed in Table
2.1. The Blatt-Weisskopf penetration factors are functions of the hadron’s spin, breakup
momentum, and radius with rD = 5
h¯c
GeV
and rr = 1.5
h¯c
GeV
. The chosen values for the radii
were determined by another Dalitz plot analysis [4] where it was shown that small changes
have no significant effects on the results.
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Equation 2.4 can be evaluated to determine the matrix element for scalar, vector, and
tensor resonances. Equation 2.7 gives the Breit-Wigner amplitude of a scalar resonance.
M(0)BW =
1
m2r −m2ab − imrΓ(0)ab
(2.7)
Having no angular dependence, the spin-0 amplitude is proportional to the Y 00 ∝ 1 spherical
harmonic. On a Dalitz plot, a scalar resonance creates a band of populated events centered
at m2r with a width proportional to Γr, and because the matrix element has no angular
dependence, the band has a uniform distribution of events along orthogonal Dalitz variables.
For a vector resonance, the helicity sum [5] in Equation 2.4 evaluates to Equation 2.8,
and contracting the indicies gives Equation 2.9 for the Breit-Wigner amplitude.
∑
λ
µ∗λ 
ν
λ = −gµν +
P µabP
ν
ab
m2ab
(2.8)
M(1)BW =

 F (1)D · F (1)r
m2r −m2ab − imrΓ(1)ab

(m2ca −m2bc + (m
2
D −m2c)(m2b −m2a)
m2ab
)
(2.9)
In the D rest frame, the spin-1 resonance must be in a |1,0〉 angular momentum state when
quantized along the momentum of r because the initial state has no angular momentum,
so the daughters of the resonance preferentially have momenta parallel to the momentum
of r. The spherical harmonic Y 01 ∝ cos θ describes the angular dependence where θ is the
angle between the momentum of the resonance and its daughters, and due to the angular
dependence, a vector resonance on a Dalitz plot has a deficit of events in the center of its
band and an excess of events at the edges.
The helicity sum and index contraction [4] of a tensor resonance evaluates to Z (2), given
in Equation 2.10, and the spin-2 Breit-Wigner amplitude evaluates to Equation 2.11.
Z(2) =
(
m2bc −m2ca +
(m2D −m2c)(m2a −m2b)
m2ab
)2
11
− 1
3
(
m2ab − 2m2D − 2m2c +
(m2D −m2c)2
m2ab
)
×
(
m2ab − 2m2a − 2m2b +
(m2a −m2b)2
m2ab
)
(2.10)
M(2)BW =
Z(2) · F (2)D · F (2)r
m2r −m2ab − imrΓ(2)ab
(2.11)
The angular dependence of a tensor resonance is described by the Y 02 ∝ (3 cos2 θ−1) spherical
harmonic.
2.2.2 Flatte´, Complex Pole, and Gaussian Amplitudes
Compared to a Breit-Wigner, a coupled-channel Flatte´ model provides a better description
of a f0(980) resonance due to the prominence of the KK final state. Equation 2.12 gives the
Flatte´ amplitude of a resonance r that has n final state possibilities.
MF latte´ = 1
m2r −m2ab − i
∑n
j=1 ρjg
2
j
(2.12)
The factors ρj are phase space factors proportional to the masses of the final state particles
of decay channel j, and the sum of all g2j factors is mrΓr.
Using a complex pole to model the σ, the results from the E791 D+ → pi−pi+pi+ Dalitz
plot analysis have been reproduced while keeping the constraint that the phase of the σ
contribution follows the I = 0 S-wave pipi phase shifts [6, 7]. For a resonance r with a pole
at sr, Equation 2.13 is the amplitude using the complex pole model.
Mpole = 1
s2r −m2ab
(2.13)
A simple Gaussian model works best to model the very narrow K0S → pi0pi0 resonance
since its width is dominated by detector resolution. Parameterized by a mean µ and effective
12
width σ, Equation 2.14 gives the Gaussian amplitude.
MGau = e−(
√
m2
ab
−µ)2/2σ2 (2.14)
2.3 Figures and Tables
b
ac
D
r
B BD r
Figure 2.1: Feynman diagram for a generic D → abc three-body decay through a generic interme-
diate resonance r. A sum over helicity states
∑
λ 
∗
λλ must be done because the initial and final
states have no angular momentum.
Table 2.1: Blatt-Weisskopf penetration factors. zD(x) ≡ r2Dq2D(x) where rD is the radius of the
D (set equal to 5 h¯cGeV ) and qD(x) is the breakup momentum of the D. Similarly, zr(x) ≡ r2rq2r(x)
(with references to the r meson rather than the D meson and rr = 1.5
h¯c
GeV ).
Spin (J) F
(J)
D F
(J)
r
0 1 1
1
√
1+zD(mD)
1+zD(mrc)
√
1+zr(mr)
1+zr(mab)
2
√√√√ 9+3zD(mD)+z2D(mD)
9+3zD(mrc)+z
2
D(mrc)
√
9+3zr(mr)+z2r (mr)
9+3zr(mab)+z
2
r (mab)
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Chapter 3
Dalitz Plot Fitter
The D0 → K0pi0pi0 Dalitz plot is analyzed using an unbinned maximum likelihood fitter
developed by M. Dubrovin and D. Cinabro [8] which uses the MINUIT package [9] to perform
multi-parameter minimization computations. The fitter provides a variety of features such
as flexible choice of Dalitz variables and orientation of resonances, user defined background
and efficiency parameterizations, and calculation of fit fractions.
3.1 Maximum Likelihood
To determine the optimal complex amplitudes of any specific model used to describe the
D0 → K0Spi0pi0 decay, the data is fit using the method of maximum likelihood. Given by
Equation 3.1, the probability density function L(x, y) that describes the event distribution
is explicitly a function of the Dalitz variables x and y and implicitly a function of unknown
parameters in the model.
L(x, y) = f
ε(x, y)|M(x, y)|2∫
DP ε(x, y)|M(x, y)|2
+ (1− f) B(x, y)∫
DP B(x, y)
(3.1)
The probability density function is constructed from the signal fraction f , efficiency model
ε(x, y), background model B(x, y), and signal model M(x, y). The normalization intergrals
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over the entire phase space of the Dalitz plot ensure that L represents a probability.
The probability density function represents the probability (or likelihood) for any par-
ticular values of Dalitz variables. For a set of N events, the method of maximum likelihood
forms the total likelihood L by taking the product of L for each event as shown in Equation
3.2.
L =
N∏
i=1
L(xi, yi) (3.2)
Maximizing the total likelihood, a task accomplished using MINUIT to minimize the negative
log of L, determines the optimal set of unknown parameters used to construct the probability
density function.
3.2 Dalitz Plot Fit Quality
The χ2 statistic is a common measure of fit quality, but it requires the fit to be binned.
Imposing a uniform grid over a Dalitz plot can leave several bins with a small number of
events, so an adaptive binning scheme is used in which bins with low statistics are merged
with adjacent bins until each adaptive bin has at least twenty events. If the data satisfies
a Gaussian distribution, ni is the total number of events in bin i, and µi is the expected
number of events in bin i, Equation 3.3 gives the total χ2 statistic for N bins.
χ2 =
N∑
i=1
(
ni − µi√
ni
)2
(3.3)
Common practice divides the χ2 statistic by the number of degrees of freedom used in the
fit, and the fit is considered to be good if χ2/Ndof is approximately equal to one.
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3.3 Fit Fractions
The fit fraction of a given resonance r, defined in Equation 3.4, provides a measurement of
how much it contributes to the overall rate of the three-body decay.
FFr ≡
∫
DP
∣∣∣areiφrMr∣∣∣2∫
DP |M|2
(3.4)
If the Dalitz plot has more constructive interference than destructive interference, the de-
nominator of Equation 3.4 is too large, so the total fit fraction is less than one. Conversely,
if the overall Dalitz plot structure exhibits destructive interference, the total fit fraction is
greater than one because the denominator of Equation 3.4 is too small.
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Chapter 4
The CLEO-c Experiment
The CLEO-c experiment uses data collected from e+e− collisions provided by the Cornell
Electron Storage Ring (CESR) located at Cornell University in Ithaca, New York. The
CLEO detector started to collect data in 1979 and had numerous alterations before shutting
down in 2008. This analysis of the D0 → K0Spi0pi0 decay uses data collected from 2003 to
2008 by the CLEO-c version of the detector.
4.1 Accelerator Facility
Depicted in Figure 4.1 and operated by the Laboratory of Elementary Particle Physics
(LEPP), the three parts of the accelerator facility are the linear accelerator (linac), syn-
chotron, and storage ring. The synchotron and storage ring are located about 12 m below
the Alumni athletic fields in a circular tunnel with a 768 m circumference. The CLEO-c
detector resides in the south end of the tunnel.
The linac accelerates electrons and positrons to suitable energies before injecting them
into the synchotron. Electrons are generated by heating a filament until they have sufficient
energy to boil away from their surface and are fired from a 150 keV electron gun into the
linac. Energy is added to the electrons by a prebuncher that uses synchronized, oscillating
electromagnetic fields to compress them into packets. The electrons are accelerated to an
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energy around 300 MeV before they are injected into the synchotron. Positrons are pro-
duced by bombarding a movable tungsten target with a 140 MeV electron beam creating
electromagnetic showers containing electrons, positrons, and photons. After separating the
positrons from the electrons, the positrons are focused and accelerated to an energy around
200 MeV before they are injected into the synchotron. As viewed from above the synchotron,
the positrons travel clockwise, and the electrons travel counterclockwise.
The electron and positron bunches are injected into the synchotron separately with the
positrons normally being injected first. The bunches are maintained in a roughly circular
orbit by 192 dipole magnets and four radio frequency (RF) accelerators each about 3 m
long. In order to maintain a stable orbit around the synchrotron, the dipole magnetic fields
are increased as the electrons and positrons gain energy in the RF accelerators. When the
particles have the desired energy, about 2000 MeV, they are injected into the storage ring
in groups of bunches called trains. CESR operates with eight trains each containing four
bunches.
The storage ring is a single 90 mm × 50 mm elliptical vacuum pipe. To minimize losses
due to beam-gas interactions, the pressure in the storage ring is maintained at less than
10−9 Torr. Along with the dipole magnets used to bend the beams in a circular orbit, a
series of quadrupole and sextupole magnets are used to focus the beams. Superconducting
niobium RF cavities operating at a frequency about 500 MHz replace beam energy lost due
to synchrotron radiation as the beams travel around the circular ring.
Depicted in Figure 4.2, electron-positron collisions away from the interaction region (IR)
are prevented by four electrostatic separators which keep the bunches in pretzel orbits.
With eight bunches of electrons and positrons, there are sixteen potential crossing points.
Horizontal separators prevent collisions at fourteen of these crossing points, and a vertical
separator prevents collisions at the crossing point diametrically opposite of the IR. The
remaining crossing point is the interaction point (IP) where the beams collide with a crossing
angle of 2.5 mrad within the CLEO-c detector.
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For open-bottom production of the Υ(4S) resonance, the CESR facility operated at a
center-of-mass energy of about 10.6 GeV. After changing the center-of-mass energy to about
4 GeV for open-charm production in 2003, modifications were required to achieve optimal
performance and luminosity. Most ring colliders are limited by synchrotron radiation at
higher energies and increased damping times at lower energies, and since the damping time
is proportional to E−3beam, the damping time was expected to increase by a factor of twenty-five
at the operational energies of CLEO-c. Since the horizontal size of the beam is proportional
to E2beam, the density of charges for CLEO-c would increase roughly by a factor of nine.
Although this causes more collisions per crossing, the electrical repulsion between bunches
can be problematic and limits the number of charges per bunch.
These issues were addressed by inserting twelve wiggler magnets. The wiggler magnets
consist of eight 2.1 T dipole magnets of alternating polarity and cause the beams to oscillate
in the horizontal plane which increases the amount of synchrotron radiation emitted. Since
the mean transverse momentum is decreased, the damping time is effectively decreased, and
since the dispersion of the transverse momentum is increased, the horizontal beam spread is
increased as well. Overall, the wigglers increase the beam size by a factor of four to eight
and decrease the damping time by approximately a factor of ten.
4.2 CLEO-c Detector
Electron and positron beams are focused to collide at the interaction point in the center of
the CLEO-c detector. Despite the multitude of intermediate resonances produced at the IP,
only a few relatively long-lived particles are ultimately detected: photons, electrons, muons,
pions, kaons, and protons. Other than photons, long-lived neutral particles such as neutrons,
neutrinos, and K0L mesons are difficult or nearly impossible to directly detect.
Shown in Figure 4.3, the CLEO-c detector consists of four components capable of de-
tecting particles: the inner drift chamber, main drift chamber, Ring Imaging Chrenkov
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detector, and crystal calorimeter. A fifth component, the muon detection chambers, is not
used in CLEO-c analyses. Except for the muon chambers, the components operate within
a superconducting solenoid providing a 1.0 T magnetic field through the detector’s axis of
symmetry. The magnetic field, uniform to within ±0.02%, assists in providing precise mo-
mentum measurements and particle identification. The storage ring and CLEO-c detector
modifications, as well as the motivation and physics reach of the project, are fully described
in the document “CLEO-c and CESR-c: A New Frontier of Weak and Strong Interactions”
[10].
4.2.1 Inner Drift Chamber
Located between the beam pipe and the main drift chamber, the inner drift chamber (ZD)
is the detector component closest to the interaction point covering the radial region from
4.1 cm to 11.7 cm. The ZD is a six-layer drift chamber with 300 drift cells filled with a
60% helium and 40% propane gas mixture. Each cell has one 20 µm diameter gold-plated
tungsten sense wire surrounded by eight 110 µm diameter gold-plated aluminum field wires
forming a square shape with a side length of approximately 10 mm. The ends of the wires
are displaced in the r − φ plane (perpendicular to the beam pipe) from one endplate to the
other which creates a stereo angle ranging from 10.5◦ in the innermost layer to 15.4◦ in the
outermost layer. The inner radial wall is 1 mm thick aluminum, and the outer radial wall
is 127 µm thick Mylar. The ZD provides position information on charged particles within
the angular region | cos θ| < 0.93 where θ is the polar angle between the beam pipe and the
direction of the particle’s momentum.
The ZD operates with a 1.9 kV potential difference applied across the sense and field
wires, so as a charged particle moves through a cell ionizing the gas, the ionized electrons
accelerate towards the nearest sense wire. These electrons ionize more gas resulting in an
avalanche of electrons large enough to be detected. The electric charge deposited on the
sense wire is synchronized with the electron and positron bunches in the storage ring which
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when combined with knowledge of drift velocity of the electrons allows the distance of closest
approach to the sense wire to be determined. The trajectory of the charged particle moving
through the ZD is reconstructed by the entire collection of wires that were hit by ionized
electrons. In the z-direction (along the beam pipe), the ZD has resolution around 680 µm,
and the ZD provides the only source for z information for a charged particle with momentum
less than 67 MeV/c.
4.2.2 Main Drift Chamber
Covering the radial region from 12 cm to 82cm, the main drift chamber (DR) is a forty-seven
layer wire drift chamber containing 9795 cells. Each cell consists of one gold-plated tungsten
sense wire surrounded by eight gold-plated aluminum field wires arranged in a square shape
with a side length of about 14 mm. The first sixteen layers are all axial, and the outer thirty-
one layers are divided into four groups with alternating 3◦ stereo angles. The inner and main
drift chambers have the same gas mixture and endplate material. The outer radial surface of
the DR consistes of an inner and outer 0.8 mm thick aluminum cylinder. The inner surface
is lined with 1 cm wide cathode strips that provide information on the z-position of charged
tracks. The DR operates with a 2.1 kV potantial difference applied between the sense and
field wires allowing ionized gas electrons to drift to the sense wires.
At momentum 1000 MeV/c, the DR achieves a position resolution of about 85 µm and
a fitted momentum resolution of about 0.35%. Pattern recognition software determines the
trajectory of a charged particle from the wire hits in both drift chambers. A Kalman filter
technique [11] reconstructs the path based on its helical trajectory through the solenoidal
magnetic field. To accurately determine the position and momentum, the track must be cor-
rected for distortions that can occur through ionization energy loss and multiple scatterings.
The finite propagation time of signal along the sense wires and deviations in the uniformity
of the magnetic field near the endcaps cause additional distortions that must be corrected.
The energy lost by a charged particle due to ionization in the drift chamber, referred
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to as dE/dx, can be used to help determine the particle’s identity. At the energies found
in the CLEO-c experiment, Bethe and Block determined that dE/dx is a function that
depends solely on the particle’s velocity [12]. Since momentum, mass, and velocity are
related via Equation 4.1, dE/dx combined with momentum measurements identifies the
mass of a particle.
p =
mv√
1−
(
v
c
)2 (4.1)
For each particle hypothesis i, where i represents an electron, muon, pion, kaon, or pro-
ton, Equation 4.2 defines an identification variable σi using the measured dE/dx, expected
dE/dxi if hypothesis i is correct, and uncertainty in the dE/dx measurement σ which is usu-
ally around 6%. Typically, dE/dx information is used to distinguish between two particle
hypotheses i and j by looking at the identification parameter ∆χ2dE/dx defined in Equation
4.3. If ∆χ2dE/dx(i, j) < 0, particle hypothesis i is more likely to be correct than hypothesis j.
σi =
dE/dx− dE/dxi
σ
(4.2)
∆χ2dE/dx(i, j) = σ
2
i − σ2j (4.3)
Figure 4.4 shows measured dE/dx values as a function of momentum for pions, kaons, and
protons. Kaons and pions can be successfully distinguished from each other at momentum
less than 500 MeV/c, and protons can be distinguished from pions and kaons at momentum
less than 1000 MeV/c.
4.2.3 Ring Imaging Cherenkov Detector
Outside the main drift chamber covering the radial region from 82 cm to 101 cm, the Ring
Imaging Cherenkov (RICH) detector, depicted in Figure 4.5, provides charged particle iden-
tification over 83% of the 4pi solid angle. The RICH detector has three main components:
a radiator material for producing Cherenkov radiation, an expansion volume, and photon
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detectors. The radiators consist of dielectric plates made from lithium fluoride (LiF) chosen
to minimize electromagnetic interactions from non-Cherenkov photons produced in radiative
decays. Each LiF radiator is approximately 17 cm × 17.5 cm wide and about 1 cm thick.
They are arranged in fourteen coaxial rows each with thirty radiators. The middle four
rows have a sawtooth surface to prevent total internal reflection of photons produced from
charged particles at normal incidence.
After the radiated photons pass through the LiF radiators, their trajectories widen along
the Cherenkov cone as they propagate through a 16 cm long expansion volume filled with
nitrogen (N2) gas. Next, the photons pass through a 2 mm calcium fluoride (CaF2) window
and into a methane-triethylamine (methane-TEA) gas. The photoelectrons produced in this
gas are detected by multi-wire proportional chambers and converted into signal.
The multi-wire proportional chambers cover the same azimuthal angle as the LiF radi-
ators. Located 4.5 mm behind the CaF2 windows, the cathode pads that detect the photo-
electrons produced in the methane-TEA gas have a surface area of about 7.5 mm × 8.0 mm.
Gold-plated tungsten anode field wires, approximately 20 µm thick, are located 1 mm above
the cathode pads. Photoelectrons are accelerated by a 2.7 kV potential applied between the
anode field wires and silver traces on the back of each CaF2 window. Weighting each photon
within three standard deviations of the expected Cherenkov angle by 1/σ2θ determines the
angular resolution of a track.
Particles in an insulator that move with a speed greater than the speed of light in that
medium emit Cherenkov radiation due to nearby atoms emitting photons as they are polar-
ized by the charged particle. The wavefronts of these photons propagate in a conic shape
with a characteristic angle called the Cherenkov angle θc. Equation 4.4 relates θc to the
medium’s index of refraction n and the particle’s velocity v, and Equation 4.5 is the same
relation using the particle’s mass and momentum rather than its velocity.
cos θc =
c
nv
(4.4)
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cos θc =
1
n
√√√√1 +
(
mc
p
)2
(4.5)
As was done for dE/dx particle identification in the DR, the RICH detector assigns a likeli-
hood Li for a hypothesis i based on the number of photons within five standard deviations
of the expected ring size. Equation 4.6 defines an effective parameter to distinguish between
hypotheses i and j. If ∆χ2RICH(i, j) < 0, hypothesis i is more likely to be correct than
hypothesis j.
∆χ2RICH(i, j) = −2 ln(Li)− (−2 ln(Lj)) (4.6)
For track momentum greater than 700 MeV/c, this requirement has a kaon identification
efficiency 92% with a pion fake rate of 8%. Figure 4.6 shows how well pions can be distin-
guished from muons, electrons, kaons, and protons. The K/pi curve shows that pions and
kaons are separated by at least 10σ for tracks with momentum up to 1500 MeV/c.
4.2.4 Crystal Calorimeter
By measuring the energy deposited by particles through ionization, pair conversion, Brehm-
strahlung radiation, and nuclear interactions, the crystal calorimeter (CC) serves as the
primary means by which CLEO-c detects neutral particles. The CC has 7784 thallium-
doped cesium iodide (CsI) crystals, each 5 cm × 5 cm × 30 cm, and covers about 93% of
the 4pi solid angle. To reduce the chance of a photon escaping a crystal before hitting one
of the four photodiodes on its outer end, each crystal is wrapped by one layer of 0.01 mm
thick aluminized mylar and three layers of 0.04 mm thick white teflon.
The barrel region of the CC has 6144 CsI crystals covering the angular region | cos θ| <
0.8 and radial region from 102.4 cm to 142.5 cm. The crystals are arranged in forty-eight
azimuthal rows with 128 crystals in each row. The front surface of each crystal is aligned
to point towards the interaction point, and in order to eliminate paths by which a photon
can escape undetected, the crystals are carefully aligned to make sure that no space between
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crystals points directly towards the IP.
The remaining 1640 CsI crystals are located in the endcap sections covering the angular
region 0.85 < | cos θ| < 0.93. The crystals in the endcap regions lie parallel to the beam pipe.
Figure 4.7 shows a partial cross section of the CLEO-c detector and depicts the orientation
of barrel crystals and endcap crystals.
Photons incident on the calorimeter crystals produce electromagnetic showers of elec-
trons, positrons, and photons. The scintillation light from these showers is detected by four
silicon photodiodes, each with an active area of 1 cm × 1 cm, located at the end of each crys-
tal. A preamplifier sums the four outputs from the silicon photodiodes using a mixer/shaper
card, and the summed output goes to an analog-to-digital converter where it is combined
with the output from nearby crystals to form a tile used by the calorimeter trigger.
The angular resolution of the calorimeter is about 10 mrad, and the energy resolution
ranges from 7% at 30 MeV to 2.2% at 1000 MeV with a 4% resolution for a typical 100 MeV
shower. Figure 4.8 shows a comparison of the pi0 → γγ resolution for candidates with both
showers in the barrel to candidates with one shower in the barrel and one shower in an
endcap. Although candidates with only one shower in the barrel are reconstructed with
more background, the pi0 resolutions are similar.
4.3 Trigger and Data Acquisition Systems
The CLEO-c trigger system is responsible for maximizing the amount of interesting physics,
such as hadronic events, collected by the detector while minimizing the effects of noise and
uninteresting backgrounds, such as those caused by beam-gas interactions and cosmic rays.
The trigger uses a single decision level and pipelines all of the required information in 42 ns
increments for enough time that fairly sophisticated algorithms can be implemented in the
hardware.
The only detector components used in the trigger are the main drift chamber and the
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crystal calorimeter. For both of these detector components, a dedicated trigger subsystem
was designed to calculate quantities of interest such as track counts, shower counts, and
event topology. The trigger primitives produced by these subsystems are subsequently time-
aligned and examined as a whole by the global trigger hardware. If any of a variety of
user-programmable trigger primitive combinations is detected, the global trigger hardware
tells the data acquisition system (DAQ) to accept the event. Each valid combination of
trigger primitives is called a trigger line.
The tracking trigger subsystem separately analyzes the axial and stereo wire portions of
the DR. Hit patterns must not be consistent with tracks that miss the central axis of the
beam pipe by more than 5 mm. A track is considered to be low momentum if its curvature
can clearly be identified as positive or negative while the curvature of a high momentum
track remains ambiguous. The tracking trigger has a single track efficiency greater than
99%.
The calorimeter trigger subsystem uses both analog and digital electronics to provide
shower energy information every 42 ns with a latency of about 2.5 µs. After the signal from
a calorimeter crystal has been passed to a preamp, the output is shaped, integrated, and
passed to a tile processor (TPRO) where it is grouped into a four by four arrangement of
crystals. Four sets of these four by four crystal sections form overlapping tiles. Shown in
Figure 4.9, these overlapping tiles allow all of the energy from a single shower to be measured
in a single tile rather than be split across adjacent tiles.
When an event passes the trigger, the DAQ records all of the event information from
the detector. The DAQ consists of two important parts: the data collection system and the
slow control system. The data collection system is responsible for transferring data from
the front-end electronics to a mass storage device while the slow control system configures
and monitors the detector components. It takes about 30 µs to record about 25 kB of
information from a single event which is done at a rate of about 150 Hz. A fraction of the
data is analyzed in real-time by the CLEO monitoring program (Pass1) to help ensure the
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quality of the recorded data.
4.4 Monte Carlo
A good understanding of the detector’s response is required to accurately determine efficiency
and estimate background. This understanding can be achieved by implementing Monte Carlo
techniques to create simulated data. Using simulated data samples to design and guide
analysis procedures helps prevent biases in final results.
Monte Carlo samples are produced in two stages: generation and reconstruction. Gen-
eration of the e+e− collisions and subsequent decays of the hadrons produced is performed
by a program called EvtGen [13]. Another program, PHOTOS, simulates final state radiation
(FSR). The energy and initial conditions of the beam are used in Monte Carlo generation to
simulate the data as faithfully as possible. A program called GEANT [14] simulates the inter-
actions of the decay products within the detector including Brehmstrahlung radiation and
interactions with the material components. The GEANT simulation accounts for resolution
effects, detector inefficiencies, and noise from random trigger events.
Each simulated event is passed to the reconstruction software where it is processed and
stored the same way as data from actual beam collisions. Additionally, the true particle
identities and their decay processes are stored as truth tagging information. This allows
the actual decay in a simulated Monte Carlo event to be inspected to determine simulated
detector responses for the event.
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Figure 4.1: The CESR Accelerator Facility. The three main components are the linac, synchotron
(located against the inner tunnel wall), and the storage ring (located against the outer tunnel wall).
The converter is a tungsten target that produces positron showers when bombarded by energetic
electrons.
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Figure 4.2: Exaggerated schematic of CESR beam orbits highlighting the pretzel structure designed
to keep the electron and positron beams separated
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Figure 4.4: From left to right, the bands show the measured dE/dx values from pions, kaons, and
protons. Pions and kaons are clearly separated at momentum less than 0.5 GeV/c, and protons are
clearly separated at momentum less than 1 GeV/c.
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Figure 4.8: Comparison of pi0 resolution for candidates with both showers in the barrel (top) and
candidates with one shower in the barrel and one shower in an endcap (bottom). Candidates with
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Figure 4.9: A 12 × 12 region of the CC with a sample shower represented by the cluster of
completely darkened boxes and TPRO tiles represented by shaded boxes. Four tiles register at
least part of the shower’s energy, but only one tile registers all of the energy.
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Chapter 5
Dalitz Plot Analysis
The substructure of the D0 → K0Spi+pi− decay has been the focus of intense recent study due
to its relevance to CKM physics [15]. Dalitz plot analyses by BABAR and BELLE [16, 17]
found that the pi+pi− S-wave component includes the f0(980) and f0(1370) resonances as
well as two σ resonances. The S-wave structure in the K0Spi
+pi− decay could be masked by
large P-wave contributions from ρ resonances, so eliminating the P-wave by analyzing the
D0 → K0Spi0pi0 Dalitz plot should provide a cleaner method to study this S-wave structure.
The current information listed by the Particle Data Group (PDG) regarding the sub-
structure of the D0 → K0Spi0pi0 decay is the branching ratio through the K∗(892) → K0Spi0
intermediate resonance and a nonresonant branching ratio [18].
• Γ(K∗(892)pi0, K∗(892) → K0Spi0)/Γtotal = (6.7+1.8−1.5)× 10−3
• Γ(K0Spi0pi0 nonresonant)/Γtotal = (4.5± 1.1)× 10−3
These branching ratios are determined from the results of a 1993 CLEO II publication [19]
that used 206 events to fit the D0 → K0Spi0pi0 Dalitz plot with a model that only included the
K∗(892) resonance and a nonresonant contribution to represent the dynamics of the decay.
The Dalitz plot analysis presented in this thesis studies the substructure of the D0 →
K0Spi
0pi0 decay by analyzing the full CLEO-c data set consisting of 818 pb−1 of integrated
luminosity collected on or near the ψ(3770) threshold energy corresponding to approximately
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three million D0–D0 pairs produced nearly at rest. Each event is fully reconstructed with
one neutral D meson decaying to the K0Spi
0pi0 final state and the other decaying to one of
four tag modes. Fully reconstructing each event greatly reduces backgrounds that could
complicate the analysis of broad S-wave structure on the Dalitz plot.
5.1 Event Reconstruction
Reconstructing an event involves analyzing detector responses to determine the particles in
the event and the four-momentum P ± δP of each particle. A program called Pass2 is used
to perform track fitting and reconstruction as well as clustering of calorimeter responses
into showers. Raw detector information is converted into meaningful physical quantities
by calibration constants which can vary over different data-collecting periods. After tracks
and showers have been reconstructed, χ2 likelihood information is used to construct particle
identity hypotheses.
The reconstruction of an individual D meson decay candidate, known as a single tag
(ST), is performed by a CLEO software package called DTag by using the information Pass2
provides. Created by identifying two ST candidates that do not share tracks or showers, a
double tag (DT) candidate contains two fully reconstructed D mesons. DTag allows analyses
to easily identify ST and DT candidates for any desired final state.
In each event, this analysis uses DTag to form DT candidates where the D0 decays to
K0Spi
0pi0 and the D0 decays according to any of the following four processes called tag modes.
• D0 → K+pi−
• D0 → K+pi−pi0
• D0 → K+pi−pi+pi−
• D0 → K+pi−pi+pi−pi0
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Since CP violation is negligible, DT candidates from the charge conjugate decays D0 →
K0pi0pi0 and D0 → (tag mode) are included (charge conjugation is implied throughout this
thesis). Described below, each track and shower must satisfy several kinematic requirements
to be accepted as a viable pion, kaon, or photon candidate, and the four-momentum of track
and shower combinations must satisfy additional requirements to be accepted as a D0, K0S,
or pi0 decay candidate. Tables 5.1–5.3 summarize these requirements.
5.1.1 Photon, Charged Pion, and Charged Kaon Selection
Photons, charged pions, and charged kaons must satisfy basic criteria summarized in Table
5.1 to be considered viable candidates. To differentiate real photons from calorimeter noise,
the energy of showers used as photon candidates must be at least 30 MeV. To eliminate
showers initiated by particles other than photons, their locations must not be matched to
the trajectory of any charged particle track.
Basic requirements help ensure that tracks are realistic products of hadronic decay and
that their physical quantities are well measured. The minimum momentum requirement
of 50 MeV/c eliminates low momentum curling tracks, and the 2000 MeV/c maximum mo-
mentum requirement eliminates particles with unphysically large momentum. To help ensure
that particles originate from e+e− collisions in the center of the detector, all tracks must be
reconstructed within 5 mm of the interaction point in the radial direction (db) and within
5 cm along the z-direction (z0). Particles must be in the fiducial volume of the detector, so
the angle between the momentum of a track and the beam pipe must satisfy | cos θ| < 0.93.
To reliably determine the trajectory of a track, at least half of the wires in the drift chamber
that are expected to register a hit must do so.
Particle identification (PID) using dE/dx and, if possible, the RICH detector helps de-
termine whether a track is a valid pion or kaon candidate. The dE/dx PID variable σi
(Equation 4.2) for the appropriate hypothesis must be within 3.0σ of zero. For a kaon hy-
pothesis, RICH detector information is considered only if at least three Cherenkov photons
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are detected within three standard deviations of the expected ring size, the track has mo-
mentum larger than 700 MeV/c, and | cos θ| < 0.8. For a pion hypothesis, RICH detector
information is considered under the same conditions except that the there can be any num-
ber of Cherenkov photons. Depending on whether or not the RICH detector information is
considered, kaons and pions are distinguished via either the PID variable ∆χ2dE/dx (Equation
4.3) or the sum of ∆χ2dE/dx and ∆χ
2
RICH (Equation 4.6).
5.1.2 Neutral Pion and Neutral Kaon Selection
Table 5.2 summarizes the selection criteria for pi0 and K0S candidates. Neutral pions are
reconstructed as pi0 → γγ decays from viable photons with the additional requirement that
each pi0 candidate must have a pull mass within 3.0σ of zero. Pull mass, defined by Equation
5.1 for a generic P → d1d2 decay, measures the difference between the invariant mass of the
candidate and the nominal mass of the parent normalized by the uncertainty of the invariant
mass measurement.
P pull mass ≡ m(d1d2)−mP
δm(d1d2)
(5.1)
Pull mass requirements eliminate candidates with well measured four-momenta that cannot
possibly come from the expected parent because the invariant mass does not match the
nominal mass of the parent.
Neutral kaon candidates are reconstructed asK0S → pi+pi− decays from oppositely charged
pion tracks. As with pi0 candidates, the pull mass of each K0S candidate must be within 3.0σ
of zero. Furthermore, K0S candidates must have an enhanced flight significance greater than
2.0σ and an invariant mass within 2.5σ of the mean based on fitting its distribution to a
Gaussian.
Enhanced flight significance measures the flight distance of a K0S relative to the un-
certainty of the flight distance measurement. The momenta of the two pion tracks are
constrained to intersect at a vertex, and the flight distance is the displacement vector from
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the interaction point to the vertex. Dividing the flight distance by the uncertainty of its
measurement gives the flight significance, and enhanced flight significance assigns an alge-
braic sign according to the relative direction between the K0S candidate’s momentum and
flight distance. Usually, the enhanced flight significance is positive, but if the inner product
between the momentum and the flight distance is negative, the enhanced flight significance
is assigned a negative value.
Figure 5.1 and Table 5.4 show the results of the m(pi+pi−) distribution fit to a Gaussian
signal plus a flat background. Equation 5.2 gives the Gaussian signal as a function of a
generic independent variable x, and Equation 5.3 normalizes it such that the integral over
the (x0, x1) interval is one.
N(x;µ, σ) = e−0.5[(x−µ)/σ]
2
(5.2)
N ′(x;µ, σ) =
N(x;µ, σ)∫ x1
x0
N(x;µ, σ)dx
(5.3)
A Gaussian distribution depends on parameters µ and σ which are the mean and width.
A flat background, given in Equation 5.4 and normalized in Equation 5.5, is an order-0
polynomial equal to one for all values of the independent variable x and normalized such
that the total area over the (x0, x1) interval is one.
P0(x) = 1 (5.4)
P ′0(x) =
P0(x)∫ x1
x0
P0(x)dx
(5.5)
The normalized signal and background representations are each multiplied by a real param-
eter, representing the signal and background yields, and their sum, as given in Equation 5.6,
is the likelihood function used to fit the data to a Gaussian signal plus a flat background.
L(x; Gaussian + Flat) = NsN
′(x;µ, σ) +NbP
′
0(x) (5.6)
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In general, the independent variable x is whatever quantity is being fit, and the normalization
interval (x0, x1) is the range over which x is allowed to vary. Specifically to fit the m(pi
+pi−)
distribution, the independent variable x is the invariant mass, and the normalization interval
is fixed to (470 MeV/c2, 530 MeV/c2). The Gaussian parameters µ and σ, as well as the
yield parameters Ns and Nb, are determined by the fit. Based on the fit results of (497.701
± 0.067) MeV/c2 for µ and (2.311 ± 0.055) MeV/c2 for σ, the 2.5σ requirement on the
invariant mass of the K0S candidate corresponds to a minimum value of 491.9 MeV/c
2 and a
maximum value of 503.5 MeV/c2.
5.1.3 Neutral D Meson Selection
DTag provides two quantities that reflect conservation of four-momentum in D decays. Beam
constrained mass mBC , defined in Equation 5.7, depends on the beam energy Eb and the D
candidate’s measured momentum pD, and Equation 5.8 defines the energy difference ∆E as
the deviation of the D candidate’s measured energy ED from the beam energy.
mBCc
2 ≡
√
E2b − p2Dc2 (5.7)
∆E ≡ ED − Eb (5.8)
Table 5.3 summarizes the mBC and ∆E selection criteria this analysis imposes on D
0 →
K0Spi
0pi0 and D0 → (tag mode) candidates.
The branching ratio analysis needs single tag yields for individual tag modes, so for the
K+pi−, K+pi−pi0, and K+pi−pi+pi− tag modes, this analysis uses the same mBC and ∆E
criteria chosen by a semileptonic CLEO-c analysis [20] corresponding approximately to ±4σ
around a Gaussian mean. Because the mBC signal region is the same for all three of these
tags, this analysis applies the same criteria to the K+pi−pi+pi−pi0 tag mode, but since the ∆E
signal region varies depending on the tag mode, this analysis selects a ±4.0σ signal region
by fitting the ∆E(K+pi−pi+pi−pi0) histogram to a Gaussian signal plus a flat background
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(Equation 5.6). Figure 5.2 and Table 5.5 show the fit results.
The signal region for the beam constrained mass of D0 → K0Spi0pi0 candidates is deter-
mined by fitting the distribution to a Gaussian signal plus an Argus background defined and
normalized in Equations 5.9–5.10.
A(x;m0, ξ) = xe
ξ(1−x/m0)
√
1− x
m0
(5.9)
A′(x;m0, ξ) =
A(x;m0, ξ)∫ x1
x0
A(x;m0, ξ)dx
(5.10)
The Argus distribution is characterized by a turn-on parameter m0 above which the dis-
tribution has no real value and a curvature parameter ξ which determines the behavior at
values less than m0. Since no real D can have a beam constrained mass larger than the
beam energy, the parameter m0 is fixed to Eb/c
2. The normalized signal and background
representations are multiplied by real-valued yield parameters Ns and Nb, and the data is fit
to the likelihood function given in Equation 5.11.
L(x; Gaussian + Argus) = NsN
′(x;µ, σ) +NbA
′(x;m0, ξ) (5.11)
The fit results, shown by Figure 5.3 and Table 5.6, determine the ±2.5σ signal region, cor-
responding to the (1857.7, 1871.5) MeV/c2 interval, that is applied to the beam constrained
mass of D0 → K0Spi0pi0 candidates.
Distributions of the energy difference for D0 → K0Spi0pi0 candidates are fit using a double
Gaussian to model the signal rather than a single Gaussian. This Dalitz plot analysis uses
the fit results to measure the signal fraction of events on the Dalitz plot (described in Section
5.3.1) and to determine a ±3.5σ1 signal region where σ1 is the smaller of the two Gaussian
widths. The double Gaussian distribution uses two Gaussians with the same mean but
different widths labeled σ1 and σ2, and the parameter f1 determines the relative amount of
each Gaussian that makes up the entire signal. Equation 5.12 is the double Gaussian signal
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plus flat background likelihood function.
L(x; Double Gaussian + Flat) = Ns[f1N
′(x;µ, σ1) + (1− f1)N ′(x;µ, σ2)] +NbP ′0(x) (5.12)
Figure 5.4 and Table 5.7 show the fit results. The ∆E signal region for D0 → K0Spi0pi0
candidates is |∆E − µ| < 3.5σ1 where σ1 is the narrower of the two Gaussian widths. This
corresponds to the ∆E interval of −50 MeV to +46 MeV.
5.1.4 Kinematic Fitting
Seven parameters along with an associated 7 × 7 error matrix describe a reconstructed
kinematic object such as a track, K0S, or pi
0: three components for the linear momentum, one
component for the energy, and three components for the object’s origin (vertex). Imposing a
known constraint on a collection of particles, such as invariant mass, allows the parameters
to be kinematically fit to obtain improved measurements of quantities such as mass and
momentum. The software package FitEvt performs kinematic fitting by adjusting the central
values of the seven parameters within their uncertainties resulting in an improved collection of
kinematic objects that satisfy the known constraint. A traditional χ2 variable is measured for
each fit and used to determine the extent to which the original measurements are consistent
with the constraint.
This analysis utilizes FitEvt to constrain the invariant mass of signal-side K0S, pi
0, and
D0 candidates (signal-side refers to involvement in the D0 → K0Spi0pi0 decay). For each
kinematic object, FitEvt begins by fitting the position vector to a common decay vertex
passing through the interaction point and proceeds by fitting the four-momenta components
to satisfy the invariant mass constraint. Events are rejected only for fits that have extremely
poor convergence.
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5.1.5 Events with Multiple Candidates
After applying all of the selection criteria previously described, 1128 events have exactly one
double tag candidate. At least two DT candidates are found in 132 events, and those events
have a total of 314 candidates. In each event with more than one candidate, this analysis
selects whichever combination minimizes the sum of the signal-side pi0 squared pull masses.
After applying all event reconstruction criteria, 1260 DT candidates remain.
5.2 Conventions
The three Dalitz plot variables of a D0 → K0Spi0pi0 decay are defined in this analysis as shown
in Equations 5.13–5.15 including the constraint that x ≤ y.
x ≡ smaller m2(K0Spi0) (5.13)
y ≡ larger m2(K0Spi0) (5.14)
z ≡ m2(pi0pi0) (5.15)
Following that choice, a scatter plot of (x, y) points is the natural way to display the Dalitz
plot. Figure 5.5 presents the D0 → K0Spi0pi0 Dalitz plot as a (x, y) scatter plot, and Figures
5.7–5.8 show the projections of each Dalitz variable. This orientation of the axes is labeled
as the (x, y) plot.
Bose symmetry requires the dynamics of the D0 → K0Spi0pi0 decay to remain the same
under the exchange of the two neutral pions. To help visualize this symmetry, the Dalitz
plot can show two entries for each candidate. One entry, as already described, has an x-
coordinate equal to the x Dalitz variable and a y-coordinate equal to y. The second entry
for each candidate swaps the neutral pions which is the same as exchanging x and y, so
its x-coordinate is the larger m2(K0Spi
0) value and its y-coordinate is the smaller m2(K0Spi
0)
value. Likewise, the projection of the m2(K0Spi
0) Dalitz variable has two entries, x and y,
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for each candidate, but the projection of the m2(pi0pi0) Dalitz variable has one entry, z, per
event.
Although pi0pi0 features manifest as diagonal bands on the (x, y) plot, this choice for axes
makes it is difficult to know the actual m2(pi0pi0) value at which a feature is located. To
alleviate this inconvenience, the Dalitz plot can be presented using the m2(pi0pi0) value as
the x-coordinate. This orientation is labeled as the (z, y) plot, and following the two entries
per candidate convention, the two entries that appear on the (z, y) Dalitz plot are (z, y) and
(z, x).
Using two entries per event, this thesis presents both the (x, y) and (z, y) orientations
to display a K0Spi
0pi0 Dalitz plot. The terms K0Spi
0 projection, Kpi projection, and x + y
projection all refer to the projection of the m2(K0Spi
0) Dalitz variable with two entries per
candidate. Similarly, the projection of the m2(pi0pi0) Dalitz variable is called the pi0pi0, pipi,
or z projection. Figures 5.9–5.10 present the Dalitz plot of the 1260 double tag candidates
identified in this analysis, and Figures 5.11–5.12 show the two projections.
To evaluate the the quality of any particular Dalitz plot fit using the χ2 statistic, a Dalitz
plot must be binned. Using the m2(K0Spi
0) range of 0.300 GeV2/c4 to 3.050 GeV2/c4, the x
and y Dalitz variables are divided into fifty bins of size 0.055 GeV2/c4. Shown in Figure 5.13,
imposing this 50 × 50 grid yields 599 bins at least partially within the kinematic boundary
of the K0Spi
0pi0 Dalitz plot. Since most of these bins contain fewer than five events, and
since the χ2 statistic works better as an estimator of fit quality with more events in each
bin, adaptive bins are defined by merging low-statistic bins. Figure 5.14 shows the twenty
adaptive bins this analysis uses to calculate the χ2 statistic of a Dalitz plot fit to the data.
5.3 Fitting the K0Spi
0pi0 Dalitz Plot
Described in Chapter 3, the Dalitz plot is fit to the probability density function L(x, y) given
in Equation 3.1 using an unbinned maximum likelihood fitter. For a given signal fraction f ,
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efficiency shape ε(x, y), background shape B(x, y), and signal model M(x, y), the data is fit
to measure unknown complex amplitudes of D0 → K0Spi0pi0 substructure processes. Dalitz
variables x and y are chosen to be the two independent degrees of freedom that describe the
dynamics of the decay, so direct dependence on z is replaced with x and y via Equation 2.2.
5.3.1 Signal Fraction
Signal fraction is the percentage of events on the Dalitz plot that follow the dynamics modeled
by M because they come from real D0 → K0Spi0pi0 decays. To calculate the signal fraction,
this analysis uses the results from fitting the energy difference distribution of D0 → K0Spi0pi0
candidates to a double Gaussian signal plus a flat background (Figure 5.4 and Table 5.7). The
parameters Ns and Nb (Equation 5.12) determined by the fit are the signal and background
yields over the entire ∆E range shown in Figure 5.4, but the Dalitz plot only includes
candidates within the signal region of −50 MeV to +46 MeV. To measure the signal fraction
appropriate for the Dalitz plot, these parameters must be extrapolated to measure the yields
within the ∆E signal region. Since the background is assumed to be flat, the number of
background events in the signal region is equal to the total background yield Nb scaled by the
ratio, labeled Ib, of the ∆E signal region size to the total range used to fit the distribution.
Dividing that result by the total number of events within the signal region, N ± √N , gives
the background fraction, and by definition, the signal fraction is equal to one minus the
background fraction. Performing the calculation, summarized in Table 5.8, the measured
signal fraction is (92.49± 0.86)%.
5.3.2 Efficiency Shape
The decay dynamics determine the Dalitz plot distribution of real D0 → K0pi0pi0 events,
but in practice, most of the decays are not detected. Efficiency is the probability that a real
D0 → K0pi0pi0 decay is identified, so to accurately reflect lab measurements, the signal model
must be multiplied by the efficiency. The probability that a particle is correctly identified
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depends on its trajectory within the detector, so efficiency is measured as a function of Dalitz
variables x and y. Dalitz plot fit results are only sensitive to the relative density of events
compared to any reference point, so only the overall shape of the efficiency is relevant.
The efficiency is measured by analyzing one million signal Monte Carlo (SMC) events in
which one neutral D meson decays uniformly across the available phase space to K0Spi
0pi0
and the other D decays to any of the four tag modes used to form double tag candidates in
data. Using the same event selection procedure discussed for data in Section 5.1, the signal
Monte Carlo data sample has 63,393 DT candidates. These events comprise the data sample
this analysis uses to measure the shape of the efficiency.
The shape of the efficiency, parameterized in Equation 5.16, is modeled as a third-order
polynomial that is symmetric in x and y, and the efficiency shape parameters are determined
by using the likelihood function Lε given in Equation 5.17 to fit the 63,391 SMC events within
the Dalitz plot’s kinematic boundary.
ε(x, y) = 1 + E1(x
′ + y′) + E2(x
′2 + y′2) + E3(x
′3 + y′3)
+ E4(x
′y′) + E5(x
′2y′ + x′y′2) (5.16)
Lε(x, y) =
ε(x, y)∫
DP ε(x, y)
(5.17)
The variables x′ and y′, defined in Equations 5.18–5.19, introduce an offset to the nominal
x and y Dalitz variables and are chosen to place the origin of the polynomial within the
kinematic boundary of the Dalitz plot while maintaining the Bose symmetry requirement.
x′ ≡ x− 1.0 GeV2/c4 (5.18)
y′ ≡ y − 1.0 GeV2/c4 (5.19)
Figures 5.15–5.16 show the projections of the fit results for the efficiency shape, and Table
5.9 details the numerical fit results for each coefficient. The χ2 per degree of freedom fit
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quality statistic is based on 537 adaptive bins formed by merging several of the edge cells
displayed in Figure 5.13 after which most bins have around 120 events, and no bin has less
than fifty.
5.3.3 Background Shape
Candidates on the Dalitz plot from processes other than a D0 → K0Spi0pi0 decay are back-
ground events. A Dalitz plot fit accounts for these events by including a background model
scaled by the background fraction which, by definition, is one minus the signal fraction. Like
efficiency, only the shape of the background relative to any specific point is relevant.
The shape of the background is measured with a method similar to the one used to
determine the efficiency, but rather than analyzing signal Monte Carlo, the Dalitz plot events
are reconstructed using generic Monte Carlo (GMC). The GMC data sample corresponds
approximately to twenty times the size of the full CLEO-c data set. Each GMC event starts
with a e+e− → ψ(3770) → (D–D pair) reaction, and the D–D pair can decay to any final
state. To avoid actual signal, events with a D0 → K0Spi0pi0 decay are rejected, and using the
same selection criteria discussed in Section 5.1, the remaining 1081 double tag candidates
comprise the data sample analyzed to measure the background.
The Dalitz plot of the background data sample, Figures 5.17–5.18, exhibits a clear band in
m2(pi0pi0) near 0.65 GeV2/c4, and within that band, the region indicated in Figure 5.18 by the
blue, rectangular box encompasses forty-eight events. The decay sequence D0 → ω(782)K0
followed by ω(782) → pi0γ is found in thirty-eight of those events, and two events have
the same D0 decay with the ω(782) decaying to pi−pi+pi0. The first process can easily be
misidentified as a DT signal event by combining the γ from the ω(782) with a shower from
the other D decay to fake a pi0, and the second process can be misidentified by swapping a
real pi0 from the other D with the charged pions from the ω(782).
Equation 5.20, in which x′ and y′ have the same offsets used to measure the efficiency
(Equations 5.18–5.19), models the shape of the background as a third-order polynomial plus
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a spin-0 Breit-Wigner (Equation 2.7) with mass 782.65 MeV/c2 and width 8.49 MeV/c2 to
include the small amount of misidentified ω(782) decays. Although the ω(782) is a vector, it
is modeled in the background as a spin-0 Breit-Wigner because the Y 01 angular dependence
normally associated with the decay of a vector particle does not manifest since the low energy
photon that is being paired with the photon from the ω(782) decay to fake a pi0 candidate
can be from anywhere in the calorimeter. Using this model, the 1078 events within the
Dalitz plot’s kinematic boundary are fit using the likelihood function LB given in Equation
5.21.
B(x, y) = 1 +B1(x′ + y′) +B2(x′2 + y′2) +B3(x′3 + y′3)
+ B4(x
′y′) +B5(x
′2y′ + x′y′2) +Bω
∣∣∣M(0)BW (z)∣∣∣2 (5.20)
LB(x, y) =
B(x, y)∫
DP B(x, y)
(5.21)
Figures 5.19–5.20 show the projections of the Dalitz plot fit, and Table 5.10 summarizes the
numerical results. The χ2 per degree of freedom fit quality is based on seventeen adaptive
bins, and the number of events in each bin ranges from fifty-two to seventy-six.
5.3.4 Signal Model
Table 5.11 lists three r → K0Spi0 and six r → pi0pi0 intermediate resonances considered by
this Dalitz plot analysis as well as the amplitude model and parameters used to describe
each resonance. The masses and widths of the K∗(892), K∗2(1430), K
∗(1680), f2(1270), and
f0(1500) are well measured [18]. The parameters used for the σ resonance is the pole position
determined by J. Oller [6], and the parameters for the f0(980) and f0(1370) resonances are
the same as those used by the CLEO-c collaboration for aD+ → pi−pi+pi+ Dalitz plot analysis
[21].
Equation 5.22 models the dynamics of the D0 → K0Spi0pi0 decay using n coherent inter-
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mediate resonances, a nonresonant contribution, and an incoherent K0S → pi0pi0 contribution.
|M(x, y)|2 =
∣∣∣∣∣aNReiφNR +
n∑
k=1
ake
iφkMk(x, y)
∣∣∣∣∣
2
+
∣∣∣aK0
S
MK0
S
(x, y)
∣∣∣2 (5.22)
Each coherent resonance is weighted by a complex amplitude with magnitude ak and phase
φk, and the incoherent K
0
S contribution is weighted by a real amplitude aK0
S
since its phase is
irrelevant. The subscript for the individual matrix elements refers to the model appropriate
for that particular resonance such as MF latte´(z) (Equation 2.12) for the f0(980) resonance,
M(2)BW (z) (Equation 2.11) for the f2(1270), and MGau(z) (Equation 2.14) for the K0S. To
maintain Bose symmetry, the K∗(892), K∗2 (1430), and K
∗(1680) must be included as both
an x resonance and a y resonance as shown in Equations 5.23–5.25.
MK∗(892)(x, y) = M(1)BW (x)−M(1)BW (y) (5.23)
MK∗
2
(1430)(x, y) = M(2)BW (x) +M(2)BW (y) (5.24)
MK∗(1680)(x, y) = M(1)BW (x)−M(1)BW (y) (5.25)
Since a Dalitz plot fit only measures relative event densities, the complex amplitude for one
resonance can be set to one. This analysis chooses to measure amplitudes and phases relative
to the K∗(892), so its magnitude and phase are set to one and zero respectively.
Following the matrix element given in Equation 5.22 and parameterizations listed in Table
5.11, this analysis uses four different combinations of resonances to model the dynamics of
the D0 → K0pi0pi0 decay.
• Model 1: K∗(892), K∗2(1430), K∗(1680), K0S, f2(1270), σ, f0(980), f0(1370)
• Model 2: K∗(892), K∗2(1430), K∗(1680), K0S, f2(1270), σ, f0(980), nonresonant
• Model 3: K∗(892), K∗2(1430), K∗(1680), K0S, f2(1270), σ, f0(980), f0(1500)
• Model 4: K∗(892), K∗2(1430), K∗(1680), K0S, f2(1270), σ, f0(980), f0(1370), f0(1500)
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The differences in these four models are the S-wave components of pi0pi0 resonances. All
four consist of a σ (sometimes labeled in this thesis as pipi pole or low-mass pipi pole) and
f0(980), but depending on the model, the final component of the pi
0pi0 S-wave is the f0(1370),
nonresonant, the f0(1500), or both the f0(1370) and f0(1500).
5.3.5 Dalitz Plot Fit Results
For each of the above signal models and using the measured signal fraction, efficiency shape,
and background shape, the 1159 double tag events within the Dalitz plot’s kinematic bound-
ary are fit to the probability function given in Equation 3.1. Figures 5.21–5.28 show the K0Spi
and pipi projections of the Dalitz plot fit for each model, and Table 5.12 summarizes the fit
fraction, amplitude, and phase results. Each fit projection depicts the signal contribution
as the thick black line as well as the contribution from each resonance by itself via thinner,
colored lines. The total fit to the data is the signal plus background and shown on the pro-
jection plots as a thin black line that mostly lies directly on top of the signal contribution
due to the small amount of background.
Qualitatively examining the Dalitz plot displayed in Figures 5.9–5.10, three major fea-
tures are apparent: the K∗(892) vector resonance near m2(K0Spi
0) of 0.8 GeV2/c4, the f0(980)
scalar resonance near m2(pi0pi0) of 0.8 GeV2/c4, and the near total destructive interference
around m2(pi0pi0) of 1.0 GeV2/c4. The Dalitz plot fit results for all four models depict signif-
icant contributions from the K∗(892) and f0(980) resonances and show that multiple pi
0pi0
S-wave models are capable of creating the necessary destructive interference.
Although this analysis is unable to determine the exact composition of pi0pi0 S-wave that
contributes to the D0 → K0Spi0pi0 decay, it does show about how much is present. Instead
of analyzing each resonance individually, the coherent sum of all pi0pi0 S-wave resonances
can be presented as a single contribution. Figures 5.29–5.36 show the projections of each
model after coherently adding each pi0pi0 S-wave component, and Table 5.13 summarizes the
fit fraction results. Represented as the green line in Figures 5.29–5.36, these results show
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that for the most part, the overall size and shape of the pi0pi0 S-wave are stable. Although
the underlying physics is not well represented by a simple combination of isobar resonances,
this simple model does capture the striking features of the Dalitz plot and consistently shows
that the overall pi0pi0 S-wave component accounts for about one-third of all D0 → K0Spi0pi0
decays.
Before proceeding with an analysis of systematic errors, the results from one of the
four signal models is chosen as the nominal fit. Model 2 is not chosen because it includes
a nonresonant contribution that individually has a fit fraction over 80% which is difficult
to accept, and unlike the other models, the shape of the S-wave gets large at low m2(pi0pi0)
values. Reflected in the χ2 statistic, model 3 does not fit the m2(pi0pi0) peak near 0.2 GeV2/c4
or the destructive interference near 1 GeV2/c4 as well as the other models. Model 4 has
extremely large contributions from both the f0(1370) and f0(1500) which are not readily
apparent on the actual Dalitz plot. Overall, model 1 seems to be the simplest model that
fits the data well, so it is chosen as the nominal signal model.
5.4 Systematic Uncertainties
Systematic uncertainties in the results of this analysis are measured by varying different
aspects and recalculating the results. Systematic checks for the Dalitz plot results include
altering the K0S and signal-side D
0 selection criteria, requirements for signal-side pi0 candi-
dates, efficiency and background shapes, and signal fraction. For each measurement, the
systematic uncertainty is assigned as the difference from nominal of whichever check yields
the largest absolute deviation.
5.4.1 Neutral Kaon and Neutral D Meson Selection
To be accepted as a K0S candidate, the nominal event reconstruction procedure chose a
±2.5σ signal region for its invariant mass, required its pull mass to be within 3.0σ of zero,
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and required its enhanced flight significance to be at least 2.0σ. To be accepted as a signal-
side D0 candidate, the nominal event reconstruction criteria imposed a ±2.5σ signal region
on its beam constrained mass and a ±3.5σ signal region on its energy difference. Analyzing
the 1099 double tag candidates after tightening each of these requirements by 0.5σ serves as
one systematic check, and analyzing the 1361 DT events after loosening the requriements by
0.5σ serves as another. Figures 5.37–5.41 emphasize the nominal, tightened, and loosened
selection criteria for each of these five quantities.
Individually for the tightened and loosened selection criteria, the signal fraction, effi-
ciency, and background are remeasured. Figures 5.42–5.43 show the fits to the ∆E dis-
tribution used to determine the signal fraction for each check. Figures 5.44–5.47 show the
projections of the Dalitz plot fits used to measure the efficiency, and Figures 5.48–5.51 depict
the fits used to measure the background. Table 5.14 summarizes the numerical results for
the signal fraction, efficiency shape, and background shape measurements for the nominal,
tightened, and loosened reconstruction selection criteria.
Using the results for the signal fraction, efficiency shape, and background shape, the
Dalitz plot is refit for events with the tightened selection criteria and again for events with
the loosened selection criteria. The signal representation used to fit the Dalitz plot is model
1 which includes the K∗(892), K∗2 (1430), K
∗(1680), incoherent K0S, f2(1270), σ, f0(980),
and f0(1370) resonances (model 1 will be used for all systematic checks). Figures 5.52–5.53
show the projections of the Dalitz plot fit using the tightened reconstruction criteria, and
Figures 5.54–5.55 show the fit projections using the loosened reconstruction criteria. Table
5.15 summarizes the numerical results of the fit fractions, amplitudes, and phases. As was
done in Section 5.3.5 for the nominal results and will be repeated for all systematic checks,
the coherent sum of the σ, f0(980), and f0(1370) resonances are treated as a single pi
0pi0
S-wave object when displaying projections and calculating fit fractions. These results are all
within 1.0σ of the nominal Dalitz plot fit results.
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5.4.2 Neutral Pion Selection
Neutral pions for D0 → K0Spi0pi0 decay candidates are nominally reconstructed as pi0 → γγ
decays using showers located anywhere in the crystal calorimeter as long as the pull mass
of the pi0 candidates is within three standard deviations of zero. One systematic check is
performed with 1150 DT events after requiring the pull mass to be within 2.5σ of zero, and
another systematic check uses 1023 DT events after requiring all photon daughters to be
located in the barrel of the CC. Figure 5.56 shows the pull mass of signal-side pi0 candidates
highlighting the nominal 3.0σ requirement and the tightened 2.5σ requirement. Figure 5.57
depicts the Dalitz plot of all events that have at least one photon located in an endcap. Since
the distribution of events with at least one endcap photon looks very similar to the nominal
Dalitz plot (Figure 5.9), removing these events should not have much effect on the Dalitz
plot fit results.
Using the same procedures previously discussed, the signal fraction is measured by fitting
the ∆E distribution, the shape of the efficiency is determined by analyzing the Dalitz plot
from signal Monte Carlo, and the shape of the background is determined by analyzing the
Dalitz plot from generic Monte Carlo. Figures 5.58–5.59 show the fits to the ∆E distribution
used to measure the signal fraction for each check. Figures 5.60–5.63 show the projections of
the Dalitz plot fits used to measure the efficiency, and Figures 5.64–5.67 show the projections
of the fits used to measure the background. Table 5.16 summarizes the numerical results of
the signal fraction, efficiency shape, and background shape measurements for the nominal,
tightened pi0 pull mass, and no endcap photons criteria.
Using the signal fraction, efficiency shape, and background shape results, the Dalitz plot
is refit for the tightened pi0 pull mass and photon location systematic checks. Figures 5.68–
5.69 show the projections of the Dalitz plot fit using the 2.5σ pull mass cut, and Figures
5.70–5.71 show the fit projections after eliminating pi0 candidates with daughter photons
located in the calorimeter endcap. Table 5.17 summarizes the numerical results of the Dalitz
plot fits. These results are all within 1.0σ of the nominal Dalitz plot fit results.
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5.4.3 Efficiency and Background Shapes
The nominal shape of the efficiency is determined by analyzing signal Monte Carlo, and the
nominal shape of the background is measured by using generic Monte Carlo after checking
the decay tree to make sure each event does not have a D0 → K0Spi0pi0 decay. As a systematic
check on the efficiency, the nominal 1259 double tag data events on the K0Spi
0pi0 Dalitz plot
are fit using a flat efficiency shape which is equivalent to setting each coefficient E1–E5 in
Equation 5.16 to zero. As a systematic check on the background shape, the Dalitz plot is fit
using a background shape measured from a sideband in data.
Based on fitting the ∆E distribution to a double Gaussian signal plus a flat background
(Figure 5.4 and Table 5.7), the nominal ∆E signal region uses a ±3.5σ1 window around
the Gaussian mean µ∆E where σ1 is the narrower of the two Gaussian widths. Based on
fitting the mBC distribution to a Gaussian signal plus an Argus background (Figure 5.3 and
Table 5.6), the nominal mBC signal region uses a ±2.5σ window around the Gaussian mean
µMbc where σ is the Gaussian width. The sideband region used as a systematic check on the
background shape has the same widths for ∆E and mBC but different central values µ
′
∆E
and µ
′
Mbc.
The central value for mBC in the sideband region is selected such that the upper limit of
the sideband region, µ
′
Mbc + 2.5σ, is 1.0σ smaller than the lower limit of the nominal signal
region, µMbc− 2.5σ. Since µMbc is 1864.6 MeV/c2 and 2.5σ is 6.9 MeV/c2, µ′Mbc is chosen to
be 1848.0 MeV/c2.
The definitions of mBC and ∆E (Equations 5.7–5.8) and the relation satisfied by a par-
ticle’s energy, momentum, and mass (Equation 1.4) define the constraint given in Equation
5.26 in which Eb is the beam energy of 1887 MeV.
∆E2 + 2Eb∆E +m
2
BCc
4 −m2Dc4 = 0 (5.26)
At the center of the nominal signal region where ∆E is −2 MeV and mBC is 1864.6 MeV/c2,
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Equation 5.26 determines that mD should be 1862.6 MeV/c
2. The center of the sideband
region is selected to maintain that relation, so using Equation 5.26 after setting mBC to its
sideband central value of 1848.0 GeV/c2 and mD to 1862.6 MeV/c
2 determines that µ
′
∆E
should be +14 MeV.
Figure 5.72 depicts the scatter plot of ∆E versus mBC of DT data events highlighting
the nominal signal region and the sideband region. In DT data, there are not enough events
in the sideband region to measure the shape of the background. Figure 5.73 shows the same
scatter plot using single tag data and shows that there are plenty of events in the sideband
region.
The systematic check on the shape of the efficiency uses the nominal signal fraction
and background shape and sets the efficiency coefficients to zero. The systematic check
on the shape of the background uses the nominal signal fraction and efficiency shape and
measures the background shape by fitting the Dalitz plot comprised of ST data events in
the sideband region. Figures 5.74–5.75 present the Dalitz plot of ST sideband events, and
Figures 5.76–5.77 show the projections of the fit results. Table 5.18 summarizes the signal
fraction, efficiency shape parameters, and background shape parameters used for both of
these systematic checks.
Using the 1259 DT events reconstructed with nominal selection criteria, the nominal
signal fraction, and the nominal background shape, the Dalitz plot is refit with a flat ef-
ficiency shape to estimate systematic uncertainties due to the efficiency model. Similarly,
as a systematic check on the background shape, the same 1259 events are refit using the
nominal signal fraction and efficiency shape but with the background shape measured from
a sideband in ST data. Figures 5.78–5.79 show the projections of the Dalitz plot fit using
the flat efficiency shape, and Figures 5.80–5.81 show the projections of the Dalitz plot fit
using the altered background shape. Summarized in Table 5.19, all fit fraction, amplitude,
and phase results are within 1.0σ of nominal.
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5.4.4 Signal Fraction
Shown by Figure 5.4, Table 5.7, and Table 5.8, fitting the ∆E distribution to a double
Gaussian signal plus a flat background measured the signal fraction as 0.9249 ± 0.0086. To
check the systematic uncertainty of that signal fraction value on the Dalitz plot fit results,
the Dalitz plot is refit using a lower signal fraction and and a higher signal fraction. The
lower signal fraction is fixed to 0.8991 which is equal to the nominal value minus 3.0σ. The
higher signal fraction is fixed to 0.9507 which is equal to the nominal value plus 3.0σ. Figures
5.82–5.83 show the projections of the Dalitz plot fit using the low signal fraction, and Figures
5.84–5.85 show the projections of the Dalitz plot fit using the high signal fraction. Table
5.20 summarizes the numerical results, and shows that these results are all within 1.0σ of
nominal.
5.4.5 Summary
Eight systematic checks have been performed to estimate uncertainties in the K0Spi
0pi0 Dalitz
plot fit results, and the overall systematic uncertainty for each fit fraction, amplitude, and
phase is assigned as the largest difference between its nominal measurement and the re-
sult from each systematic check. The nominal results are quite stable with a systematic
uncertainty less than the statistical uncertainty for each fit fraction, amplitude, and phase.
5.5 Conclusion
This analysis has probed the Dalitz plot structure of the D0 → K0Spi0pi0 decay using 1259
double tag events from the full CLEO-c data set. Large model-dependent variations in the
fit fractions, amplitudes, and phases of the σ and f0(980) resonances suggest incomplete
details of the underlying physics used to describe the S-wave, yet the overall fit projections
remain consistent and capture the striking feature of nearly total destructive interference
around m2(pi0pi0) of 1 GeV/c2 indicating that the overall shape and phase evolution of the
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S-wave is reasonable. Treating the coherent sum of the pi0pi0 S-wave resonances as a single
object leads to consistent fit fraction results for various compositions of the S-wave. Table
5.21 summarizes the fit fraction, amplitude, and phase measurements from the Dalitz plot fit
that includes contributions from K∗(892), K∗2 (1430), K
∗(1680), K0S, and f2(1270) intermedi-
ate resonances plus a pi0pi0 S-wave object constructed as the coherent sum of the σ, f0(980),
and f0(1370) resonances. Figure 5.29 presents the K
0
Spi
0 projection of the Dalitz plot fit,
and Figure 5.30 shows the pi0pi0 projection. Using the D0 → K0pi0pi0 branching ratio mea-
surement of 0.01059 ± 0.00049 ± 0.00050, presented in Chapter 6, Table 5.22 summarizes
the fit fractions from the Dalitz plot analysis and gives the branching ratio through each
intermediate resonance by multiplying its fit fraction by the total branching ratio. Overall,
S-wave features dominate the m2(pi0pi0) axis of the Dalitz plot and contributes around thirty
percent to the total decay rate while the K∗(892) resonance dominates the m2(K0Spi
0) axis
of the Dalitz plot accounting for about sixty-five percent of the total decay rate.
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5.6 Figures and Tables
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Figure 5.1: m(pi+pi−) histogram indicat-
ing the ±2.5σ signal region (1308 events,
χ2/Nbin = 31.3/30)
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Figure 5.2: ∆E(K+pi−pi+pi−) histogram in-
dicating the ±4.0σ signal region (142 events,
χ2/Nbin = 8.50/17)
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Figure 5.3: mBC histogram indicating the
±2.5σ signal region (1394 events, χ2/Nbin =
31.3/45)
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Figure 5.4: ∆E histogram indicating the
±3.5σ1 signal region (1459 events, χ2/Nbin =
26.1/17)
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Figure 5.5: K0Spi
0pi0 Dalitz plot of 1260 DT
events displayed as (smaller m2(K0Spi
0, larger
m2(K0Spi
0))
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Figure 5.6: Larger m2(K0Spi
0) projection
(1260 events)
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Figure 5.7: Smaller m2(K0Spi
0) projection
(1260 events)
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Figure 5.8: Projection of m2(pi0pi0) Dalitz
variable (1260 events)
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Figure 5.9: K0Spi
0pi0 Dalitz plot with two
entries per candidate displayed as (x, y) and
(y, x). The symmetry about the x = y line
reflects Bose symmetry under the exchange of
the two pi0 mesons. (1260 events, 2520 entries)
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Figure 5.10: K0Spi
0pi0 Dalitz plot with two
entries per candidate displayed as (z, y) and
(z, x). This orientation causes pi0pi0 features
to manifest as vertical bands. (1260 events,
2520 entries)
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Figure 5.11: K0Spi
0 projection that includes
both m2(K0Spi
0pi0) Dalitz variables for each
event (1260 events, 2520 entries)
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Figure 5.12: pi0pi0 projection (1260 events,
1260 entries)
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Figure 5.13: χ2 binning of the Dalitz plot
imposing a 50 x 50 grid. Most of the 599 bins
at least partially within the kinematic bound-
ary of the Dalitz plot have fewer than five DT
data events, and only four bins have at least
twenty events.
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Figure 5.14: χ2 binning of the Dalitz plot
highlighting twenty adaptive bins with at least
fifty DT data events in each bin
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Figure 5.15: K0Spi
0 projection of the SMC
Dalitz plot used to measure the efficiency
shape (63391 events, χ2/Ndof = 545/532)
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Figure 5.16: pi0pi0 projection of the SMC
Dalitz plot used to measure the efficiency
shape (63391 events, χ2/Ndof = 545/532)
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Figure 5.17: Dalitz plot (x, y) of GMC events
containing no signal decays. The prominent
diagonal band has misreconstructed events
from real D0 → ω(782)K0 decays. (1081
events, 1078 within boundary)
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Figure 5.18: Dalitz plot (z, y) of the same
1081 GMC events (Fig. 5.17). The blue, rect-
angular region includes 48 events, 40 of which
involve a D0 → ω(782)K0 decay.
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Figure 5.19: K0Spi
0 projection of the GMC
Dalitz plot used to measure the background
shape (1078 events, χ2/Ndof = 27.9/11)
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Figure 5.20: pi0pi0 projection of the GMC
Dalitz plot used to measure the background
shape (1078 events, χ2/Ndof = 27.9/11)
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Figure 5.21: K0Spi
0 projection of Dalitz plot
fit using model 1 (1059 events, χ2/Ndof =
19.9/7)
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Figure 5.22: pi0pi0 projection of Dalitz plot
fit using model 1 (1059 events, χ2/Ndof =
19.9/7)
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Figure 5.23: K0Spi
0 projection of Dalitz plot
fit using model 2 (1059 events, χ2/Ndof =
16.3/7)
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Figure 5.24: pi0pi0 projection of Dalitz plot
fit using model 2 (1059 events, χ2/Ndof =
16.3/7)
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Figure 5.25: K0Spi
0 projection of Dalitz plot
fit using model 3 (1059 events, χ2/Ndof =
44.7/7)
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Figure 5.26: pi0pi0 projection of Dalitz plot
fit using model 3 (1059 events, χ2/Ndof =
44.7/7)
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Figure 5.27: K0Spi
0 projection of Dalitz plot
fit using model 4 (1059 events, χ2/Ndof =
14.9/5)
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Figure 5.28: pi0pi0 projection of Dalitz plot
fit using model 4 (1059 events, χ2/Ndof =
14.9/5)
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Figure 5.29: K0Spi
0 projection of Dalitz plot
fit using model 1 with a coherent pi0pi0 S-
wave of pi0pi0 pole + f0(980) + f0(1370) (1059
events, χ2/Ndof = 19.9/7)
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Figure 5.30: pi0pi0 projection of Dalitz plot fit
using model 1 with a coherent pi0pi0 S-wave of
pi0pi0 pole + f0(980) + f0(1370) (1059 events,
χ2/Ndof = 19.9/7)
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Figure 5.31: K0Spi
0 projection of Dalitz plot
fit using model 2 with a coherent pi0pi0 S-wave
of pi0pi0 pole + f0(980) + nonresonant (1059
events, χ2/Ndof = 16.3/7)
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Figure 5.32: pi0pi0 projection of Dalitz plot
fit using model 2 with a coherent pi0pi0 S-wave
of pi0pi0 pole + f0(980) + nonresonant (1059
events, χ2/Ndof = 16.3/7)
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Figure 5.33: K0Spi
0 projection of Dalitz plot
fit using model 3 with a coherent pi0pi0 S-
wave of pi0pi0 pole + f0(980) + f0(1500) (1059
events, χ2/Ndof = 44.7/7)
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Figure 5.34: pi0pi0 projection of Dalitz plot fit
using model 3 with a coherent pi0pi0 S-wave of
pi0pi0 pole + f0(980) + f0(1500) (1059 events,
χ2/Ndof = 44.7/7)
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Figure 5.35: K0Spi
0 projection of Dalitz plot
fit using model 4 with a coherent pi0pi0 S-wave
of pi0pi0 pole + f0(980) + f0(1370) + f0(1500)
(1059 events, χ2/Ndof = 14.9/5)
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Figure 5.36: pi0pi0 projection of Dalitz plot fit
using model 4 with a coherent pi0pi0 S-wave of
pi0pi0 pole + f0(980) + f0(1370) + f0(1500)
(1059 events, χ2/Ndof = 14.9/5)
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Figure 5.37: m(pi+pi−) mass highlighting the nominal (± 2.5σ, red), tightened (± 2.0σ, blue), and
loosened (± 3.0σ, green) regions (1308 events, χ2/Nbin = 31.3/30)
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Figure 5.38: K0S pull mass highlighting the
nominal (± 3.0σ, red), tightened (± 2.5σ,
blue), and loosened (± 3.5σ, green) regions
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Figure 5.39: K0S enhanced flight significance
highlighting the nominal (> 2.0σ, red), tight-
ened (> 2.5σ, blue), and loosened (> 1.5σ,
green) regions
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Figure 5.40: mBC histogram highlighting the
nominal (± 3.5σ, red), tightened (± 3.0σ,
blue), and loosened (± 4.0σ, green) regions
(1394 events, χ2/Nbin = 31.3/45)
E (GeV)∆
-0.1 -0.05 0 0.05 0.1
en
tr
ie
s 
/ 0
.0
16
 G
eV
0
50
100
150
200
250
300
350
400
450
en
tr
ie
s 
/ 0
.0
16
 G
eV
Figure 5.41: ∆E histogram highlighting the
nominal (± 3.5σ1, red), tightened (± 3.0σ1,
blue), and loosened (± 4.0σ1, green) regions
(1459 events, χ2/Nbin = 26.1/17)
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Figure 5.42: ∆E distribution using tight-
ened event selection criteria (1294 events,
χ2/Nbin = 35.3/17, f = (94.09 ± 0.71)%)
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Figure 5.43: ∆E distribution using loos-
ened event selection criteria (1584 events,
χ2/Nbin = 33.7/17, f = (90.43 ± 0.97)%)
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Figure 5.44: Kpi projection of Dalitz plot
fit for efficiency with tightened reconstruction
cuts (57205 events, χ2/Ndof = 569/532)
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Figure 5.45: pipi projection of Dalitz plot
fit for efficiency with tightened reconstruction
cuts (57205 events, χ2/Ndof = 569/532)
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Figure 5.46: Kpi projection of Dalitz plot
fit for efficiency with loosened reconstruction
cuts (66726 events, χ2/Ndof = 544/532)
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Figure 5.47: pipi projection of Dalitz plot
fit for efficiency with loosened reconstruction
cuts (66726 events, χ2/Ndof = 544/532)
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Figure 5.48: Kpi projection of Dalitz plot fit
for background with tightened reconstruction
cuts (785 events, χ2/Ndof = 18.9/11)
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Figure 5.49: pipi projection of Dalitz plot fit
for background with tightened reconstruction
cuts (785 events, χ2/Ndof = 18.9/11)
2)2) (GeV/c0piS
0(K2m
0.5 1 1.5 2 2.5 3
4
/c2
en
tr
ie
s 
/ 0
.0
55
 G
eV
0
20
40
60
80
100
120
Figure 5.50: Kpi projection of Dalitz plot fit
for background with loosened reconstruction
cuts (1353 events, χ2/Ndof = 33.8/11)
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Figure 5.51: pipi projection of Dalitz plot fit
for background with loosened reconstruction
cuts (1353 events, χ2/Ndof = 33.8/11)
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Figure 5.52: Kpi projection of Dalitz plot fit
using data with tightened reconstruction cuts
(1099 events, χ2/Ndof = 16.2/7)
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Figure 5.53: pipi projection of Dalitz plot fit
using data with tightened reconstruction cuts
(1099 events, χ2/Ndof = 16.2/7)
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Figure 5.54: Kpi projection of Dalitz plot fit
using data with loosened reconstruction cuts
(1361 events, χ2/Ndof = 24.3/7)
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Figure 5.55: pipi projection of Dalitz plot fit
using data with loosened reconstruction cuts
(1361 events, χ2/Ndof = 24.3/7)
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Figure 5.56: Nominal reconstruction require-
ment of |pi0 pull mass| < 3.0σ and systematic
check requirement of |pi0 pull mass| < 2.5σ
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Figure 5.57: Dalitz plot of the 247 events
that have at least one endcap photon
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Figure 5.58: ∆E distribution using a |pi0 pull
mass| < 2.5σ requirement for signal-side pi0
candidates (1323 events, χ2/Nbin = 31.6/17,
f = (93.73 ± 0.95)%)
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Figure 5.59: ∆E distribution after requir-
ing photons signal-side pi0 candidates to be
located in the calorimeter barrel (1182 events,
χ2/Nbin = 24.9/17, f = (93.2 ± 1.0)%)
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Figure 5.60: Kpi projection of Dalitz plot fit
for efficiency with |pi0 pull mass| < 2.5σ cut
(59022 events, χ2/Ndof = 547/532)
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Figure 5.61: pipi projection of Dalitz plot fit
for efficiency with |pi0 pull mass| < 2.5σ cut
(59022 events, χ2/Ndof = 547/532)
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Figure 5.62: Kpi projection of Dalitz plot fit
for efficiency with no endcap photon require-
ment (50348 events, χ2/Ndof = 568/532)
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Figure 5.63: pipi projection of Dalitz plot fit
for efficiency with no endcap photon require-
ment (50348 events, χ2/Ndof = 568/532)
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Figure 5.64: Kpi projection of Dalitz plot fit
for background with |pi0 pull mass| < 2.5σ cut
(930 events, χ2/Ndof = 19.2/11)
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Figure 5.65: pipi projection of Dalitz plot fit
for background with |pi0 pull mass| < 2.5σ cut
(930 events, χ2/Ndof = 19.2/11)
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Figure 5.66: Kpi projection of Dalitz plot
fit for background with no endcap photon re-
quirement (819 events, χ2/Ndof = 20.7/11)
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Figure 5.67: pipi projection of Dalitz plot fit
for background with no endcap photon re-
quirement (819 events, χ2/Ndof = 20.7/11)
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Figure 5.68: Kpi projection of Dalitz plot fit
using data with |pi0 pull mass| < 2.5σ cut
(1150 events, χ2/Ndof = 23.1/7)
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Figure 5.69: pipi projection of Dalitz plot fit
using data with |pi0 pull mass| < 2.5σ cut
(1150 events, χ2/Ndof = 23.1/7)
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Figure 5.70: Kpi projection of Dalitz plot
fit using data with no endcap photon require-
ment (1023 events, χ2/Ndof = 21.4/7)
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Figure 5.71: pipi projection of Dalitz plot fit
using data with no endcap photon require-
ment (1023 events, χ2/Ndof = 21.4/7)
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Figure 5.72: ∆E vs. mBC scatter plot of 1761 DT events. The signal region (red box on the right)
has 1157 events, but the sideband region (blue box on the left) only has 39 events.
)2 (GeV/cBCm
1.8 1.81 1.82 1.83 1.84 1.85 1.86 1.87 1.88 1.89
E 
(G
eV
)
∆
-0.1
-0.05
0
0.05
0.1
Figure 5.73: ∆E vs. mBC scatter plot of 78984 ST events. The signal region (red box on the
right) has 10812 events, and the sideband region (blue box on the left) has 4161 events.
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Figure 5.74: K0pi0pi0 Dalitz plot of 7416
(7318 within boundary) ST data events in the
sideband orientated with m2(K0Spi
0) on the x-
axis
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Figure 5.75: K0pi0pi0 Dalitz plot of 7416
(7318 within boundary) ST data events in the
sideband orientated with m2(pi0pi0) on the x-
axis
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Figure 5.76: Kpi projection of Dalitz plot fit
for background using ST data events in the
background (7318 events, χ2/Ndof = 186/12)
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Figure 5.77: pipi projection of Dalitz plot fit
for background using ST data events in the
background (7318 events, χ2/Ndof = 186/12)
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Figure 5.78: Kpi projection of Dalitz plot
fit using a flat efficiency shape (1259 events,
χ2/Ndof = 24.0/7)
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Figure 5.79: pipi projection of Dalitz plot
fit using a flat efficiency shape (1259 events,
χ2/Ndof = 24.0/7)
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Figure 5.80: Kpi projection of Dalitz plot fit
using a background shape measured from a
sideband in ST data (1259 events, χ2/Ndof =
18.2/7)
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Figure 5.81: pipi projection of Dalitz plot fit
using a background shape measured from a
sideband in ST data (1259 events, χ2/Ndof =
18.2/7)
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Figure 5.82: Kpi projection of Dalitz plot
fit using a low signal fraction of 0.8891 (1259
events, χ2/Ndof = 19.6/7)
2)2) (GeV/c0pi0pi(2m
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
4
/c2
en
tr
ie
s 
/ 0
.0
38
 G
eV
0
20
40
60
80
100
120
All coherent          
: K0S           pipi
: K*(892)         piK
: f2(1270)      pipi
: K2*(1430)       piK
: K*(1680)        piK
 S-wave pipi: pipi
Backgr.
Total S+B
 
Figure 5.83: pipi projection of Dalitz plot fit
using a low signal fraction of 0.8891 (1259
events, χ2/Ndof = 19.6/7)
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Figure 5.84: Kpi projection of Dalitz plot fit
using a high signal fraction of 0.8507 (1259
events, χ2/Ndof = 20.4/7)
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Figure 5.85: pipi projection of Dalitz plot fit
using a high signal fraction of 0.8507 (1259
events, χ2/Ndof = 20.4/7)
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Table 5.1: Summary of selection criteria for photon, charged pion, and charged kaon candidates.
From top to bottom, the three sections refer to photons, tracks, and particle identification (PID).
For pion PID, i = pi and j = K. For kaon PID, i = K and j = pi.
E ≥ 30 MeV
shower location not matched to track
50 MeV/c ≤ p ≤ 2000 MeV/c
|db| ≤ 0.005 m
|z0| ≤ 0.05 m
| cos θ| ≤ 0.93
hit fraction ≥ 0.5
|σi| ≤ 3.0σ
∆χ2dE/dx(i, j) + ∆χ
2
RICH(i, j) ≤ 0 (if RICH is available)
∆χ2dE/dx(i, j) ≤ 0 (if RICH is not available)
Table 5.2: Summary of selection criteria for pi0 → γγ and K0S → pi+pi− candidates. The kinematic
fitting section refers to all signal-side K0S and pi
0 candidates.
|pi0 pull mass| < 3.0σ
|K0S pull mass| < 3.0σ
K0S enhanced flight significance > 2.0σ
|m(pi+pi−)− 497.7 MeV/c2| < 5.8 MeV/c2 (2.5σ)
Kinematic fit to constrain mass must converge
Kinematic fit to constrain vertex must converge
Table 5.3: Summary of selection criteria for signal-side D0 → K0Spi0pi0 candidates (top section)
and tag-side D0 → (tag mode) candidates (bottom section). The kinematic fit requirements apply
only to signal-side candidates
|mBC − 1864.6 MeV/c2| < 6.9 MeV/c2 (2.5σ)
|∆E + 2 MeV| < 48 MeV (3.5σ1)
Kinematic fit to constrain mass must converge
Kinematic fit to constrain vertex must converge
|mBC(tag)− 1866.0 MeV/c2| < 8.0 MeV/c2 (approx. 4σ)
|∆E(K+pi−)| < 30 MeV (approx. 4σ)
|∆E(K+pi−pi0) + 3 MeV| < 47 MeV (approx. 4σ)
|∆E(K+pi−pi+pi−)| < 20 MeV (approx. 4σ)
|∆E(K+pi−pi+pi−pi0)| < 35 MeV (4σ)
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Table 5.4: Results of m(pi+pi−) fit to a
Gaussian signal plus a flat background
µ (497.701 ± 1.1) MeV/c2
σ1 (2.311 ± 0.95) MeV/c2
Ns 1277 ± 10
Nb 54.4 ± 8.3
x0 470 MeV/c
2 (fixed)
x1 530 MeV/c
2 (fixed)
χ2/Nbin 31.3/30
Table 5.5: Results of ∆E(K+pi−pi+pi−pi0)
fit to a Gaussian signal plus a flat back-
ground
µ (0.0 ± 1.1) MeV
σ1 (8.65 ± 0.95) MeV
Ns 88 ± 10
Nb 54.4 ± 8.3
x0 −136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 8.50/17
Table 5.6: Results of mBC fit to a Gaussian
signal plus an Argus background
µ (1864.61 ± 0.089) MeV/c2
σ (2.768 ± 0.083) MeV/c2
ξ -43.6 ± 3.4
Ns 1182 ± 37
Nb 212 ± 19
x0 1800 MeV/c
2 (fixed)
x1 1890 MeV/c
2 (fixed)
m0 1887 MeV/c
2 (fixed)
χ2/Nbin 31.3/45
Table 5.7: Results of ∆E fit to a Gaussian
signal plus a flat background
µ (-2.50 ± 0.61) MeV
σ1 (13.6 ± 1.4) MeV
σ2/σ1 2.24 ± 0.22
f1 0.59 ± 0.11
Ns 1199 ± 42
Nb 261 ± 29
x0 −136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 26.1/17
Table 5.8: Calculation of the signal fraction from the ∆E fit results (Table 5.7)
Quantity Label Value
total background yield Nb 261 ± 29
scale factor Ib 6/17
events within signal region N 1225 ± 35
signal fraction f 0.9249 ± 0.0086
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Table 5.9: Efficiency shape measured by
fitting the SMC Dalitz plot to a third-order
polynominal explicitly symmetric in x and
y (63391 events)
E1 0.523 ± 0.041
E2 -0.901 ± 0.048
E3 0.433 ± 0.020
E4 -2.02 ± 0.11
E5 1.356 ± 0.071
χ2/Ndof 545/532
Table 5.10: Background shape measured
by fitting the GMC Dalitz plot to a sym-
metric third-order polynomial plus a spin-0
Breit-Wigner (1078 events)
B1 -2.21 ± 0.45
B2 1.56 ± 0.87
B3 1.06 ± 0.51
B4 4.3 ± 1.6
B5 -1.1 ± 1.1
Bω (4.0 ± 1.1) × 10−4
mω 782.62 MeV/c
2 (fixed)
Γω 8.49 MeV/c
2 (fixed)
χ2/Ndof 27.9/11
Table 5.11: Models and parameters of intermediate resonances used to fit the D0 → K0Spi0pi0
Dalitz plot. The top portion of the table lists r → K 0Spi0 resonances, and the bottom portion lists
r → pi0pi0 resonances.
Resonance Model Spin Parameters (MeV/c2)
K∗(892) Breit-Wigner 1 m = 896.00 Γ = 50.3
K∗2(1430) Breit-Wigner 2 m = 1432.4 Γ = 109
K∗(1680) Breit-Wigner 1 m = 1717 Γ = 322
K0S Gaussian 0 µ = 491.71 σ = 29.30
σ Complex Pole 0 s = 470− i220
f0(980) Flatte´ 0 m = 965 gpipi = 406 gKK = 812
f2(1270) Breit-Wigner 2 m = 1275.1 Γ = 185.0
f0(1370) Breit-Wigner 0 m = 1350 Γ = 265
f0(1500) Breit-Wigner 0 m = 1505 Γ = 109
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Table 5.12: Nominal Dalitz plot fit results
Model 1 Model 2 Model 3 Model 4
χ2/Ndof 19.9 / 7 16.3 / 7 44.7 / 7 14.9 / 5
Total FF 1.22 1.83 1.20 2.52
FF 0.656± 0.053 0.392± 0.039 0.486± 0.059 0.502± 0.078
K∗(892) Amp 1 (fixed) 1 (fixed) 1 (fixed) 1 (fixed)
Phi 0 (fixed) 0 (fixed) 0 (fixed) 0 (fixed)
FF 0.0049± 0.0045 0.0119± 0.0066 0.019± 0.012 0.0145± 0.0082
K∗2 (1430) Amp 0.43± 0.18 0.88± 0.23 0.98± 0.29 0.85± 0.24
Phi 141± 28 178± 16 191± 16 159± 15
FF 0.112± 0.027 0.0029± 0.0051 0.152± 0.043 0.135± 0.035
K∗(1680) Amp 5.65± 0.77 1.17± 0.88 7.6± 1.2 7.07± 0.82
Phi 55± 11 346± 38 45± 12 18.7± 8.9
FF 0.0346± 0.0092 0.0165± 0.0092 0.0330± 0.0096 0.0248± 0.0095
K0S Amp 0.281± 0.037 0.251± 0.072 0.318± 0.044 0.272± 0.050
Phi (incoherent) (incoherent) (incoherent) (incoherent)
FF 0.0248± 0.0091 0.071± 0.022 0.129± 0.033 0.068± 0.025
f2(1270) Amp 1.57± 0.28 3.44± 0.55 4.16± 0.54 2.98± 0.53
Phi 282± 18 341.3± 8.8 2.2± 6.5 340.9± 8.9
FF 0.027± 0.014 0.318± 0.079 0.037± 0.018 0.045± 0.022
σ Amp 0.67± 0.16 2.96± 0.36 0.91± 0.20 0.99± 0.23
Phi 140± 17 31.5± 9.2 119± 22 39± 17
FF 0.105± 0.021 0.189± 0.034 0.121± 0.024 0.184± 0.043
f0(980) Amp 1.71± 0.17 2.97± 0.26 2.13± 0.20 2.59± 0.24
Phi 35.2± 9.9 79.9± 7.1 65± 11 44.8± 7.9
FF 0.257± 0.051 0.81± 0.24
f0(1370) Amp 5.72± 0.58 (n/a) (n/a) 11.6± 1.5
Phi 340.3± 6.6 15.8± 8.6
FF 0.223± 0.060 0.73± 0.20
f0(1500) Amp (n/a) (n/a) 11.7± 1.5 20.9± 4.0
Phi 16± 12 281.4± 8.0
FF 0.83± 0.12
NR Amp (n/a) 12.11± 0.94 (n/a) (n/a)
Phi 357.0± 6.2
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Table 5.13: Fit fraction results when treating the coherent sum of pipi S-wave resonances as a single
contribution. The amplitudes and phases are listed in Table 5.12.
Model 1 Model 2 Model 3 Model 4
χ2/Ndof 19.9 / 7 16.3 / 7 44.7 / 7 14.9 / 5
Total FF 1.12 0.85 1.01 1.05
K∗(892) 0.656± 0.053 0.392± 0.039 0.486± 0.059 0.502± 0.078
K∗2 (1430) 0.0049± 0.0045 0.0119± 0.0066 0.019± 0.012 0.0145± 0.0082
K∗(1680) 0.112± 0.027 0.0029± 0.0051 0.152± 0.043 0.135± 0.035
K0S 0.0346± 0.0092 0.0165± 0.0092 0.0330± 0.0096 0.0248± 0.0095
f2(1270) 0.0248± 0.0091 0.071± 0.022 0.129± 0.033 0.068± 0.025
pi0pi0 S-wave 0.289± 0.063 0.355± 0.053 0.195± 0.057 0.30± 0.12
Table 5.14: Numerical results for the signal fraction, efficiency shape, and background shape for
the nominal, tightened, and loosened reconstruction cuts.
Nominal Tightened Loosened
f 0.9249 ± 0.0086 0.9409 ± 0.0071 0.9043 ± 0.0097
E1 0.523 ± 0.041 0.603 ± 0.045 0.438 ± 0.039
E2 −0.901 ± 0.048 −0.972 ± 0.052 −0.812 ± 0.045
E3 0.433 ± 0.020 0.458 ± 0.022 0.401 ± 0.019
E4 −2.02 ± 0.11 −2.13 ± 0.12 −1.83 ± 0.10
E5 1.356 ± 0.071 1.417 ± 0.077 1.254 ± 0.067
B1 −2.21 ± 0.45 −1.94 ± 0.62 −2.38 ± 0.37
B2 1.56 ± 0.87 1.4 ± 1.2 1.69 ± 0.72
B3 1.06 ± 0.51 1.19 ± 0.66 1.04 ± 0.44
B4 4.3 ± 1.6 4.2 ± 2.1 4.9 ± 1.3
B5 −1.1 ± 1.1 −1.1 ± 1.5 −1.27 ± 0.96
Bω (4.0 ± 1.1) × 10−4 (4.8 ± 1.5) × 10−4 (3.38 ± 0.82) × 10−4
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Table 5.15: Dalitz plot fit results using the nominal, tightened, and loosened reconstruction cuts
Nominal Tightened Loosened
χ2/Ndof 19.9 / 7 16.7 / 7 24.3 / 7
Total FF 1.12 1.12 1.13
FF 0.656± 0.053 0.657± 0.059 0.652± 0.052
K∗(892) Amp 1 (fixed) 1 (fixed) 1 (fixed)
Phi 0 (fixed) 0 (fixed) 0 (fixed)
FF 0.0049± 0.0045 0.0064± 0.0064 0.0051± 0.0044
K∗2(1430) Amp 0.43± 0.18 0.50± 0.19 0.44± 0.18
Phi 141± 28 144± 24 129± 27
FF 0.112± 0.027 0.100± 0.029 0.121± 0.028
K∗(1680) Amp 5.65± 0.77 5.32± 0.85 5.88± 0.75
Phi 55± 11 52± 13 51± 10
FF 0.0346± 0.0092 0.0324± 0.0094 0.0323± 0.0088
K0S Amp 0.281± 0.037 0.271± 0.039 0.272± 0.037
Phi (incoherent) (incoherent) (incoherent)
FF 0.0248± 0.0091 0.0326± 0.0099 0.0229± 0.0092
f2(1270) Amp 1.57± 0.28 1.80± 0.27 1.52± 0.30
Phi 282± 18 292± 15 272± 17
FF (S-wave) (S-wave) (S-wave)
pi0pi0 pole Amp 0.67± 0.16 0.53± 0.17 0.67± 0.16
Phi 140± 17 133± 23 139± 16
FF (S-wave) (S-wave) (S-wave)
f0(980) Amp 1.71± 0.17 1.67± 0.18 1.70± 0.17
Phi 35.2± 9.9 35± 10 26.8± 9.7
FF (S-wave) (S-wave) (S-wave)
f0(1370) Amp 5.72± 0.58 5.94± 0.65 5.58± 0.56
Phi 340.3± 6.6 338.3± 7.0 335.7± 6.6
pi0pi0 S-wave FF 0.289± 0.063 0.289± 0.065 0.292± 0.061
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Table 5.16: Numerical results for the signal fraction, efficiency shape, and background shape for
the nominal reconstruction cuts and altered pi0 reconstruction cuts
Nominal |pi0 pull| < 2.5σ No endcap photons
f 0.9249 ± 0.0086 0.9373 ± 0.0095 0.932 ± 0.010
E1 0.523 ± 0.041 0.558 ± 0.043 0.580 ± 0.040
E2 −0.901 ± 0.048 −0.955 ± 0.049 −1.317 ± 0.049
E3 0.433 ± 0.020 0.451 ± 0.021 0.650 ± 0.020
E4 −2.02 ± 0.11 −2.12 ± 0.11 −3.10 ± 0.11
E5 1.356 ± 0.071 1.404 ± 0.074 2.180 ± 0.075
B1 −2.21 ± 0.45 −2.44 ± 0.46 −1.29 ± 0.55
B2 1.56 ± 0.87 1.97 ± 0.88 −0.3 ± 1.0
B3 1.06 ± 0.51 0.80 ± 0.51 1.91 ± 0.61
B4 4.3 ± 1.6 4.8 ± 1.6 0.3 ± 2.0
B5 −1.1 ± 1.1 −1.4 ± 1.2 1.4 ± 1.4
Bω (4.0 ± 1.1) × 10−4 (3.18 ± 0.95) × 10−4 (4.0 ± 1.1) × 10−4
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Table 5.17: Dalitz plot fit results using the nominal reconstruction requirements and altered pi0
reconstruction requirements and model 1 as the signal representation
Nominal |pi0 pull| < 2.5σ No Endcap Photons
χ2/Ndof 19.9 / 7 23.1 / 7 21.4 / 7
Total FF 1.12 1.10 1.17
FF 0.656± 0.053 0.655± 0.058 0.680± 0.062
K∗(892) Amp 1 (fixed) 1 (fixed) 1 (fixed)
Phi 0 (fixed) 0 (fixed) 0 (fixed)
FF 0.0049± 0.0045 0.0072± 0.0060 0.0051± 0.0049
K∗2 (1430) Amp 0.43± 0.18 0.53± 0.20 0.44± 0.19
Phi 141± 28 159± 24 122± 30
FF 0.112± 0.027 0.106± 0.028 0.123± 0.034
K∗(1680) Amp 5.65± 0.77 5.49± 0.81 5.79± 0.90
Phi 55± 11 55± 12 48± 12
FF 0.0346± 0.0092 0.0280± 0.0090 0.037± 0.010
K0S Amp 0.281± 0.037 0.253± 0.041 0.285± 0.040
Phi (incoherent) (incoherent) (incoherent)
FF 0.0248± 0.0091 0.0239± 0.0084 0.030± 0.012
f2(1270) Amp 1.57± 0.28 1.55± 0.27 1.70± 0.35
Phi 282± 18 292± 20 272± 16
FF (S-wave) (S-wave) (S-wave)
pi0pi0 pole Amp 0.67± 0.16 0.60± 0.17 0.70± 0.18
Phi 140± 17 137± 20 133± 18
FF (S-wave) (S-wave) (S-wave)
f0(980) Amp 1.71± 0.17 1.72± 0.18 1.64± 0.18
Phi 35.2± 9.9 40± 11 29± 11
FF (S-wave) (S-wave) (S-wave)
f0(1370) Amp 5.72± 0.58 5.86± 0.61 5.61± 0.64
Phi 340.3± 6.6 340.1± 7.4 340.5± 7.3
pi0pi0 S-wave FF 0.289± 0.063 0.280± 0.064 0.297± 0.069
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Table 5.18: Numerical results for the signal fraction, efficiency shape, and background shape for the
nominal fit, flat efficiency systematic check, and measured background via a sideband systematic
check
Nominal Flat Eff. Sideband Bkg.
f 0.9249 ± 0.0086 nominal nominal
E1 0.523 ± 0.041 0 (fixed) nominal
E2 −0.901 ± 0.048 0 (fixed) nominal
E3 0.433 ± 0.020 0 (fixed) nominal
E4 −2.02 ± 0.11 0 (fixed) nominal
E5 1.356 ± 0.071 0 (fixed) nominal
B1 −2.21 ± 0.45 nominal −0.10 ± 0.14
B2 1.56 ± 0.87 nominal −2.03 ± 0.25
B3 1.06 ± 0.51 nominal 2.03 ± 0.13
B4 4.3 ± 1.6 nominal −3.32 ± 0.48
B5 −1.1 ± 1.1 nominal 3.21 ± 0.32
Bω (4.0 ± 1.1) × 10−4 nominal 0 (fixed)
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Table 5.19: Dalitz plot fit results using the nominal efficiency and background shapes (Nominal),
flat efficiency and nominal background shapes (Flat Eff.), and the nominal efficiency and sideband
background shapes (Sideband Bkg.)
Nominal Flat Eff. Sideband Bkg.
χ2/Ndof 19.9 / 7 24.0 / 7 18.2 / 7
Total FF 1.12 1.20 1.12
FF 0.656± 0.053 0.675± 0.051 0.650± 0.054
K∗(892) Amp 1 (fixed) 1 (fixed) 1 (fixed)
Phi 0 (fixed) 0 (fixed) 0 (fixed)
FF 0.0049± 0.0045 0.0046± 0.0044 0.0054± 0.0048
K∗2(1430) Amp 0.43± 0.18 0.41± 0.18 0.46± 0.19
Phi 141± 28 145± 30 144± 27
FF 0.112± 0.027 0.137± 0.029 0.115± 0.028
K∗(1680) Amp 5.65± 0.77 6.15± 0.73 5.72± 0.78
Phi 55± 11 46.4± 8.9 55± 11
FF 0.0346± 0.0092 0.0370± 0.0096 0.0342± 0.0092
K0S Amp 0.281± 0.037 0.286± 0.038 0.280± 0.038
Phi (incoherent) (incoherent) (incoherent)
FF 0.0248± 0.0091 0.0272± 0.0087 0.0237± 0.0085
f2(1270) Amp 1.57± 0.28 1.63± 0.26 1.54± 0.27
Phi 282± 18 290± 18 288± 19
FF (S-wave) (S-wave) (S-wave)
pi0pi0 pole Amp 0.67± 0.16 0.73± 0.15 0.64± 0.16
Phi 140± 17 124± 15 140± 17
FF (S-wave) (S-wave) (S-wave)
f0(980) Amp 1.71± 0.17 1.61± 0.16 1.75± 0.18
Phi 35.2± 9.9 33.0± 9.3 36± 10
FF (S-wave) (S-wave) (S-wave)
f0(1370) Amp 5.72± 0.58 6.17± 0.53 5.79± 0.59
Phi 340.3± 6.6 343.1± 5.7 340.3± 6.8
pi0pi0 S-wave FF 0.289± 0.063 0.319± 0.062 0.289± 0.063
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Table 5.20: Dalitz plot fit results using the nominal signal fraction (fn), a lower signal fraction
(fn − 3.0σ), and a higher signal fraction (fn + 3.0σ)
Nominal Low High
f 0.9249± 0.0086 0.8991 0.9507
χ2/Ndof 19.9 / 7 19.6 / 7 20.4 / 7
Total FF 1.12 1.12 1.12
FF 0.656± 0.053 0.666± 0.054 0.646± 0.052
K∗(892) Amp 1 (fixed) 1 (fixed) 1 (fixed)
Phi 0 (fixed) 0 (fixed) 0 (fixed)
FF 0.0049± 0.0045 0.0049± 0.0046 0.0049± 0.0044
K∗2(1430) Amp 0.43± 0.18 0.43± 0.18 0.44± 0.18
Phi 141± 28 135± 29 145± 27
FF 0.112± 0.027 0.108± 0.028 0.117± 0.027
K∗(1680) Amp 5.65± 0.77 5.50± 0.79 5.79± 0.74
Phi 55± 11 53± 11 57± 11
FF 0.0346± 0.0092 0.0344± 0.0093 0.0348± 0.0090
K0S Amp 0.281± 0.037 0.278± 0.038 0.284± 0.036
Phi (incoherent) (incoherent) (incoherent)
FF 0.0248± 0.0091 0.0255± 0.0098 0.0242± 0.0084
f2(1270) Amp 1.57± 0.28 1.59± 0.30 1.57± 0.27
Phi 282± 18 277± 18 286± 17
FF (S-wave) (S-wave) (S-wave)
pi0pi0 pole Amp 0.67± 0.16 0.67± 0.16 0.66± 0.16
Phi 140± 17 136± 17 144± 16
FF (S-wave) (S-wave) (S-wave)
f0(980) Amp 1.71± 0.17 1.72± 0.18 1.71± 0.17
Phi 35.2± 9.9 34± 10 36.1± 9.6
FF (S-wave) (S-wave) (S-wave)
f0(1370) Amp 5.72± 0.58 5.65± 0.58 5.77± 0.58
Phi 340.3± 6.6 338.9± 6.8 341.7± 6.5
pi0pi0 S-wave FF 0.289± 0.063 0.284± 0.063 0.292± 0.062
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Table 5.21: Dalitz plot fit results with statistical and systematic uncertainties. Each phase angle
is listed in degrees.
FF 0.656 ± 0.053 ± 0.025
K∗(892) Amp 1 (fixed)
Phi 0 (fixed)
FF 0.0049 ± 0.0045 ± 0.0023
K∗2(1430) Amp 0.43 ± 0.18 ± 0.09
Phi 141 ± 28 ± 19
FF 0.112 ± 0.027 ± 0.025
K∗(1680) Amp 5.65 ± 0.77 ± 0.50
Phi 55 ± 11 ± 9
FF 0.0346 ± 0.0092 ± 0.0066
K0S Amp 0.281 ± 0.037 ± 0.028
Phi (incoherent)
FF 0.0248 ± 0.0091 ± 0.0078
f2(1270) Amp 1.57 ± 0.28 ± 0.23
Phi 282 ± 18 ± 11
FF (pi0pi0 S-wave)
σ Amp 0.67 ± 0.16 ± 0.13
Phi 140 ± 17 ± 16
FF (pi0pi0 S-wave)
f0(980) Amp 1.71 ± 0.17 ± 0.10
Phi 35.2 ± 9.9 ± 8.3
FF (pi0pi0 S-wave)
f0(1370) Amp 5.72 ± 0.58 ± 0.45
Phi 340.3 ± 6.6 ± 4.7
pi0pi0 S-wave FF 0.289 ± 0.063 ± 0.031
Table 5.22: Internal structure of the D0 → K0Spi0pi0 decay
Decay Mode Fit Fraction Branching Ratio (×10−3)
K∗(892)pi0 0.656 ± 0.053 ± 0.025 6.94 ± 0.78
K∗2(1430)pi
0 0.0049 ± 0.0045 ± 0.0023 0.052 ± 0.054
K∗(1680)0pi0 0.112 ± 0.027 ± 0.025 1.19 ± 0.40
K0SK
0
S 0.0346 ± 0.0092 ± 0.0066 0.37 ± 0.12
K0Sf2(1270)
0 0.0248 ± 0.0091 ± 0.0078 0.26 ± 0.13
K0S(pi
0pi0)S−wave 0.289 ± 0.063 ± 0.031 3.05 ± 0.77
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Chapter 6
Branching Ratio Analysis
The total branching ratio of the D0 → K0Spi0pi0 decay has recently been measured by the
CLEO collaboration [22] to be (8.34± 0.45± 0.42)× 10−3 by analyzing single tag events in
about one-third of the CLEO-c data set. The branching ratio analysis presented in this thesis
analyzes the full CLEO-c data sample to provide three measurements of B(D0 → K0Spi0pi0)
by separately analyzing double tag events for three tag modes.
6.1 Event Reconstruction
This analysis uses DTag to form double tag candidates for each of the following three pro-
cesses.
• D0 → K0Spi0pi0, D0 → K+pi−
• D0 → K0Spi0pi0, D0 → K+pi−pi0
• D0 → K0Spi0pi0, D0 → K+pi−pi+pi−
Photons, charged tracks, neutral kaons, neutral pions, and tag-side neutral D mesons must
satisfy the same selection criteria discussed for the Dalitz plot analysis in Section 5.1. Signal-
side D0 candidates have the same beam constrained mass requirement mentioned in Section
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5.1, but the ±3.5σ1 signal region criteria on their energy difference is removed since this
distribution is used to extract the yields. As was done for the Dalitz plot analysis, kinematic
fits to constrain signal-side invariant masses and production verticies must converge, and
whenever an event has more than one DT that passes all selection criteria, a single candidate
is chosen by minimizing the sum of squared signal-side pi0 pull masses. In the full CLEO-c
data set, these selection criteria provide 285 DT events from the K+pi− tag mode, 583 DT
events from the K+pi−pi0 tag mode, and 445 DT events from the K+pi−pi+pi− tag mode.
6.2 Branching Ratio Measurements
For the K0Spi
0pi0 signal mode and a tag mode t, Equation 6.1 gives the expected double
tag yield from analyzing NDD correlated D
0–D0 pairs produced from e+e− → ψ(3770)
annihilation. The DT yield NDT depends on the branching ratio Bs of D0 → K0Spi0pi0, the
branching ratio Bt of D0 → (t), the efficiency εDT of identifying a real DT, the factor εpi0 that
corrects the DT efficiency measurement due to differences between signal Monte Carlo and
data, and the correction factor α that accounts for quantum correlations and interference.
Similarly, Equation 6.2 gives the expected D0 → (t) single tag yield from analyzing the same
set of D0–D0 pairs. The ST yield depends on NDD, Bt, and the efficiency εST of identifying
a real ST. In both equations, the factor of two arises from combining the nominal and charge
conjugate statistics.
NDT = 2×NDD × α× εDT × ε2pi0 × Bs × Bt (6.1)
NST = 2×NDD × εST × Bt (6.2)
By expressing the DT efficiency in terms of the DT yield NDT,SMC in signal Monte Carlo
and the number of events generated Ngen, Equations 6.1 and 6.2 can be used to determine
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the formula given in Equation 6.3 for the D0 → K0Spi0pi0 branching ratio.
B(D0 → K0Spi0pi0) =
(
NDT
NDT,SMC
)
×
[
Ngen
(NST/εST )× α× ε2pi0
]
(6.3)
This analysis calculates the D0 → K0Spi0pi0 branching ratio by measuring the DT yield in
data, measuring the yield in SMC from a known number of generated events, and using ex-
ternal sources [22, 23, 18, 20, 24] to determine both correction factors and the efficiency cor-
rected ST yield. This procedure is done separately for the K+pi−, K+pi−pi0, and K+pi−pi+pi−
tag modes to provide three measurements of B(D0 → K0Spi0pi0).
6.2.1 Correction Factors
A branching ratio measurement involves counting the number of specified decays that oc-
cur, but in practice, only a certain percentage of the decay proceeses are identified. The
probability that the decay can be identified is the efficiency, and it is measured by analyzing
a large, known number of signal Monte Carlo events. This procedure works if the Monte
Carlo correctly models the data, but a study by L. Fields and R. Patterson [24] has deter-
mined that in the CLEO-c detector, pi0 → γγ decays are less likely to be identified in data
compared to Monte Carlo. To account for the difference between data and Monte Carlo,
efficiency measurements should be corrected by a factor of εpi0 equal to 0.94± 0.02 for each
reconstructed pi0. Since this analysis reconstructs two pi0 mesons, the DT efficiency must be
corrected by the factor 2pi0 which is 0.884± 0.028.
Mentioned in Section 1.5, quantum correlations can complicate branching ratio measure-
ments. To account for these effects, this analysis introduces a correction factor, labeled α,
that can be expressed as shown in Equations 6.4 and 6.5 in which RWS is the wrong sign
decay rate and ∆QC is an invariant variable [23] that depends on the mixing parameters y
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and r cos δ [22].
α = 1 +RWS + ∆QC (6.4)
∆QC = 2r cos δ + y (6.5)
For the wrong sign decay rate terms, this analysis uses the values published by the Particle
Data Group [18].
• RWS(K+pi−) = (3.80± 0.18)× 10−3
• RWS(K+pi−pi0) = (2.20± 0.10)× 10−3
• RWS(K+pi−pi+pi−) = (3.23+0.25−0.22)× 10−3
To calculate ∆QC for the K
+pi− tag mode, this analysis uses Equation 6.5 and the r cos δ
and y parameters measured by a CLEO-c strong phase analysis [22]. Propagation of errors
incorporate the correlation coefficient between r cos δ and y measurements.
• r cos δ = 0.089± 0.036± 0.009
• y = −0.052± 0.060± 0.017
• correlation coefficient = −0.83
• ∆QC(K+pi−) = 0.126 ± 0.041
For the K+pi−pi0 and K+pi−pi+pi− tag modes, this analysis uses the ∆QC measurements from
a CLEO-c coherence factor analysis [23].
• ∆QC(K+pi−pi0) = 0.097± 0.015± 0.023
• ∆QC(K+pi−pi+pi−) = 0.077± 0.018± 0.022
The correction factor due to quantum correlations and interference is calculated for each tag
mode from RWS and ∆QC via Equation 6.4.
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• α(K+pi−) = 1.130± 0.041
• α(K+pi−pi0) = 1.099± 0.027
• α(K+pi−pi+pi−) = 1.080± 0.028
6.2.2 Yields
To calculate B(D0 → K0Spi0pi0) from DT events, it is necessary to know the efficiency cor-
rected ST yield for each tag mode. This analysis uses the ST yields and efficienies quoted in
a CLEO-c semileptonic analysis [20] that used the full CLEO-c data set. Dividing the yield
by the efficiency gives the efficiency corrected yield.
• (K+pi−): NST = 149620± 390, εST = 0.6532, NST/εST = 229050± 600
• (K+pi−pi0): NST = 284620± 590, εST = 0.3515, NST/εST = 809700± 1700
• (K+pi−pi+pi−): NST = 227540± 520, εST = 0.4555, NST/εST = 499500± 1100
To measure the D0 → K0Spi0pi0 branching ratio, this analysis provides DT yields from the
full CLEO-c data set and a known number of generated signal Monte Carlo events in which
one neutral D meson decays to K0Spi
0pi0 and the other decays to a specified tag mode.
• Ngen(K+pi−) = 130000
• Ngen(K+pi−pi0) = 462000
• Ngen(K+pi−pi+pi−) = 269000
Each yield is measured by fitting the energy difference distribution of signal-side D0 can-
didates. For the K+pi− tag mode in data, the ∆E distribution is fit to a Gaussian signal
(Equations 5.2–5.3) plus a flat background (Equations 5.4–5.5) to the likelihood function
given in Equation 5.6. The DT yields in data for the K+pi−pi0 and K+pi−pi+pi− tag modes
and DT yields in signal Monte Carlo for all three tag modes are measured by fitting the ∆E
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distribution to a double Gaussian signal plus a flat background using the likelihood function
given in Equation 5.12. Figures 6.1–6.6 and Tables Figures 6.1–6.6 show the results from all
six fits. In each case, the DT yield is equal to the fit parameter Ns.
• (K+pi−): NDT = 247± 17, NDT,SMC = 13670± 130± 80± 250
• (K+pi−pi+): NDT = 500± 25, NDT,SMC = 27700± 200± 170± 500
• (K+pi−pi0pi−): NDT = 358± 28, NDT,SMC = 18370± 170± 110± 330
The first error listed for each yield is the statistical uncertainty determined by the fit. For the
yields from signal Monte Carlo, the second error is a 0.3% uncertainty per track in tracking
efficiency [25], and the third error is a 1.8% uncertainty in K0S efficiency [26].
6.2.3 Results
Table 6.7 summarizes the values of NST/εST , α, and ε
2
pi0 that are based on measurements
provided by external sources, and Table 6.8 summarizes the values of for NDT , NDT,SMC ,
and Ngen provided by this analysis. With each factor determined, Equation 6.3 produces
one measurement of the D0 → K0Spi0pi0 branching ratio for each tag mode, and Table 6.9
summarizes the results.
• B(D0 → K0Spi0pi0) = (1.030± 0.088)% (K+pi−)
• B(D0 → K0Spi0pi0) = (1.061± 0.072)% (K+pi−pi0)
• B(D0 → K0Spi0pi0) = (1.099± 0.099)% (K+pi−pi+pi−)
The three results are approximately 1.06% and are consistent with each other. At 6.9%, 5.0%,
and 7.8% respectively for the K+pi−, K+pi−pi0, and K+pi−pi+pi− tag modes, the statistical
uncertainty in the double tag yields from data dominates the branching ratio errors.
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6.3 Systematic Uncertainties
Systematic checks for the branching ratio results include altering the K0S and signal-side
D0 selection criteria, requirements for signal-side pi0 candidates, and method of measuring
double tag yields. As was done in the Dalitz plot analysis described in this thesis, the
systematic uncertainty for all three measurements is assigned as the difference from nominal
of whichever check gives the largest absolute deviation.
6.3.1 Neutral Kaon and Neutral D Meson Selection
The systematic checks on K0S and signal-side D
0 reconstruction are the same as those per-
formed for the Dalitz plot analysis. Highlighted in Figures 5.37–5.40, the selection criteria
for m(pi+pi−), K0S pull mass, K
0
S enhanced flight significance, and signal-side mBC are tight-
ened by 0.5σ for one check and loosened by 0.5σ for a second check. The ∆E distributions
in data and signal Monte Carlo are fit to measure the DT yields, and using these yields, the
branching ratios are recalculated. Figures 6.7–6.18 depict the histogram fits, and Table 6.10
presents the yields and corresponding branching ratios. All of the branching ratio results
are within 1.0σ of nominal.
6.3.2 Neutral Pion Selection
As was done for the Dalitz plot analysis, two systematic checks regarding signal-side pi0
selection are performed. Nominal pi0 candidates must have a pull mass within 3.0σ of zero,
and this criteria is checked by tightening the requirement to 2.5σ as Figure 5.56 depicts.
Another systematic check is performed by eliminating all signal-side pi0 candidates that are
reconstructed from at least one photon located in a calorimeter endcap. Figures 6.19–6.30
show the fits that measure the yields, and Table 6.11 gives the results. All of the branching
ratio results are within 1.0σ of nominal.
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6.3.3 Measuring Yields
The double tag yields have been measured by using a flat background (Equations 5.4–
5.5) to fit the ∆E distribution of signal-side D0 candidates. As a systematic check, a
linear background, defined and normalized by Equations 6.6 and 6.7, is used to fit the
∆E distributions.
P1(x) = 1 + c1x (6.6)
P ′1(x) =
P1(x)∫ x1
x0
P1(x)dx
(6.7)
The coefficient c1 is an additional free parameter in each fit. Figures 6.31–6.36 show the
fit results in data and signal Monte Carlo when using a linear polynomial to represent the
background.
Alternatively, sideband subtraction can be used to measure the double tag yields in data
and SMC. With nominal event selection, the total number of events in each ∆E distribution
is equal to the yield plus the number of background events. The number of background
events can be measured by selecting a sideband in the signal-side beam constrained mass
and counting the number of events that remain in each ∆E histogram.
The nominal mBC signal region ranges from µ − 2.5σ to µ + 2.5σ. The sideband, high-
lighted in Figure 6.37 for data and in Figure 6.38 for signal Monte Carlo, is the low region
from µ−6.0σ to µ−3.5σ plus the high sideband from µ+3.5σ to µ+6.0σ. Numerically, the
nominal signal region corresponds to the interval from 1857.7 MeV/c2 to 1871.5 MeV/c2,
and the sideband includes the 1848.04 MeV/c2 to 1854.94 MeV/c2 and 1874.26 MeC/c2 to
1881.16 MeV/c2 regions.
After selecting the signal-side mBC sideband region, the number of background events
is measured by counting the number of events that remain in each ∆E histogram. Figures
6.39–6.44 show the ∆E distributions after selecting the mBC sideband and list the number
of events that remain. Subtracting the number of background events from the total number
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of events on each nominal histogram (Figures 6.1–6.6) gives the double tag yields.
Presented in Table 6.12, the branching ratios are recalculated using the alternative meth-
ods of measuring the yields. The results from the linear background check are all within
1.0σ of nominal. Using the sideband subtraction method, the branching ratio result from
the K+pi− tag mode is within 1.0σ of nominal, but the other two results are higher than
nominal by 1.35σ using the K+pi−pi0 tag and 1.02σ using the K+pi−pi+pi− tag.
6.3.4 Summary
Six checks have been performed to estimate systematic uncertainty in each branching ratio
measurement. Each systematic uncertainty is assigned as the largest difference between the
nominal measurement and the result from each check. The dominating source of systematic
error is from the sideband subtraction check.
6.4 Conclusion
This analysis has provided three measurements of the D0 → K0Spi0pi0 by analyzing 285
double tag events with the K+pi− tag mode, 583 DT events with the K+pi−pi0 tag mode, and
445 DT events with the K+pi−pi+pi− tag mode. Table 6.13 summarizes the measurements
and presents a statistically weighted average of the three results equal to (1.059 ± 0.049 ±
0.050)%.
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6.5 Figures and Tables
E (GeV)∆
-0.1 -0.05 0 0.05 0.1
en
tr
ie
s 
/ 0
.0
16
 G
eV
0
20
40
60
80
100
en
tr
ie
s 
/ 0
.0
16
 G
eV
Figure 6.1: ∆E(K0Spi
0pi0) distribution using
nominal event selection criteria, data, and the
K+pi− tag (285 events, χ2/Nbin = 6.23/17)
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Figure 6.2: ∆E(K0Spi
0pi0) distribution using
nominal event selection criteria, SMC, and the
K+pi− tag (13991 events, χ2/Nbin = 556/17)
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Figure 6.3: ∆E(K0Spi
0pi0) distribution using
nominal event selection criteria, data, and the
K+pi−pi0 tag (583 events, χ2/Nbin = 11.5/17)
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Figure 6.4: ∆E(K0Spi
0pi0) distribution using
nominal event selection criteria, SMC, and
the K+pi−pi0 tag (28643 events, χ2/Nbin =
1170/17)
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Figure 6.5: ∆E(K0Spi
0pi0) distribution using
nominal event selection criteria, data, and
the K+pi−pi+pi− tag (445 events, χ2/Nbin =
11.1/17)
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Figure 6.6: ∆E(K0Spi
0pi0) distribution using
nominal event selection criteria, SMC, and
the K+pi−pi+pi− tag (19222 events, χ2/Nbin =
611/17)
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Figure 6.7: ∆E(K0Spi
0pi0) distribution us-
ing tightened K0S and signal-side D
0 crite-
ria, data, and the K+pi− tag (261 events,
χ2/Nbin = 4.90/17)
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Figure 6.8: ∆E(K0Spi
0pi0) distribution us-
ing tightened K0S and signal-side D
0 crite-
ria, SMC, and the K+pi− tag (12752 events,
χ2/Nbin = 425/17)
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Figure 6.9: ∆E(K0Spi
0pi0) distribution us-
ing tightened K0S and signal-side D
0 crite-
ria, data, and the K+pi−pi0 tag (521 events,
χ2/Nbin = 13.4/17)
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Figure 6.10: ∆E(K0Spi
0pi0) distribution us-
ing tightened K0S and signal-side D
0 criteria,
SMC, and the K+pi−pi0 tag (26109 events,
χ2/Nbin = 956/17)
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Figure 6.11: ∆E(K0Spi
0pi0) distribution us-
ing tightened K0S and signal-side D
0 criteria,
data, and the K+pi−pi+pi− tag (387 events,
χ2/Nbin = 13.7/17)
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Figure 6.12: ∆E(K0Spi
0pi0) distribution us-
ing tightened K0S and signal-side D
0 criteria,
SMC, and the K+pi−pi+pi− tag (17520 events,
χ2/Nbin = 510/17)
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Figure 6.13: ∆E(K0Spi
0pi0) distribution using
loosened K0S and signal-side D
0 criteria, data,
and the K+pi− tag (314 events, χ2/Nbin =
8.38/17)
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Figure 6.14: ∆E(K0Spi
0pi0) distribution using
loosened K0S and signal-side D
0 criteria, SMC,
and the K+pi− tag (14639 events, χ2/Nbin =
637/17)
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Figure 6.15: ∆E(K0Spi
0pi0) distribution using
loosened K0S and signal-side D
0 criteria, data,
and the K+pi−pi0 tag (636 events, χ2/Nbin =
12.4/17)
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Figure 6.16: ∆E(K0Spi
0pi0) distribution us-
ing loosened K0S and signal-side D
0 criteria,
SMC, and the K+pi−pi0 tag (30154 events,
χ2/Nbin = 1250/17)
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Figure 6.17: ∆E(K0Spi
0pi0) distribution us-
ing loosened K0S and signal-side D
0 criteria,
data, and the K+pi−pi+pi− tag (474 events,
χ2/Nbin = 10.7/17)
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Figure 6.18: ∆E(K0Spi
0pi0) distribution us-
ing loosened K0S and signal-side D
0 criteria,
SMC, and the K+pi−pi+pi− tag (20234 events,
χ2/Nbin = 633/17)
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Figure 6.19: ∆E(K0Spi
0pi0) distribution using
|pi0 pull| < 2.5σ, data, and the K+pi− tag (258
events, χ2/Nbin = 7.86/17)
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Figure 6.20: ∆E(K0Spi
0pi0) distribution using
|pi0 pull| < 2.5σ, SMC, and the K+pi− tag
(13015 events, χ2/Nbin = 484/17)
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Figure 6.21: ∆E(K0Spi
0pi0) distribution using
|pi0 pull| < 2.5σ, data, and the K+pi−pi0 tag
(537 events, χ2/Nbin = 11.2/17)
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Figure 6.22: ∆E(K0Spi
0pi0) distribution using
|pi0 pull| < 2.5σ, SMC, and the K+pi−pi0 tag
(26560 events, χ2/Nbin = 1040/17)
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Figure 6.23: ∆E(K0Spi
0pi0) distribution using
|pi0 pull| < 2.5σ, data, and the K+pi−pi+pi−
tag (396 events, χ2/Nbin = 13.9/17)
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Figure 6.24: ∆E(K0Spi
0pi0) distribution using
|pi0 pull| < 2.5σ, SMC, and the K+pi−pi+pi−
tag (17747 events, χ2/Nbin = 510/17)
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Figure 6.25: ∆E(K0Spi
0pi0) distribution using
only barrel photons for signal-side pi0 candi-
dates, data, and the K+pi− tag (240 events,
χ2/Nbin = 5.03/17)
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Figure 6.26: ∆E(K0Spi
0pi0) distribution using
only barrel photons for signal-side pi0 candi-
dates, SMC, and the K+pi− tag (11223 events,
χ2/Nbin = 471/17)
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Figure 6.27: ∆E(K0Spi
0pi0) distribution using
only barrel photons for signal-side pi0 candi-
dates, data, and the K+pi−pi0 tag (465 events,
χ2/Nbin = 9.60/17)
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Figure 6.28: ∆E(K0Spi
0pi0) distribution us-
ing only barrel photons for signal-side pi0 can-
didates, SMC, and the K+pi−pi0 tag (22822
events, χ2/Nbin = 1030/17)
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Figure 6.29: ∆E(K0Spi
0pi0) distribution us-
ing only barrel photons for signal-side pi0 can-
didates, data, and the K+pi−pi+pi− tag (361
events, χ2/Nbin = 8.42/17)
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Figure 6.30: ∆E(K0Spi
0pi0) distribution using
only barrel photons for signal-side pi0 candi-
dates, SMC, and the K+pi−pi+pi− tag (15142
events, χ2/Nbin = 543/17)
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Figure 6.31: Distribution of ∆E(K0Spi
0pi0) in
data for the K+pi− tag mode fit to a Gaus-
sian signal plus linear background (285 events,
χ2/Nbin = 6.08/17)
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Figure 6.32: Distribution of ∆E(K0Spi
0pi0) in
SMC for the K+pi− tag mode fit to a double
Gaussian signal plus linear background (13991
events, χ2/Nbin = 340/17)
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Figure 6.33: Distribution of ∆E(K0Spi
0pi0) in
data for the K+pi−pi0 tag mode fit to a double
Gaussian signal plus linear background (583
events, χ2/Nbin = 8.48/17)
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Figure 6.34: Distribution of ∆E(K0Spi
0pi0) in
SMC for the K+pi−pi0 tag mode fit to a double
Gaussian signal plus linear background (28643
events, χ2/Nbin = 574/17)
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Figure 6.35: Distribution of ∆E(K0Spi
0pi0) in
data for the K+pi−pi+pi− tag mode fit to a
double Gaussian signal plus linear background
(445 events, χ2/Nbin = 9.84/17)
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Figure 6.36: Distribution of ∆E(K0Spi
0pi0) in
SMC for the K+pi−pi+pi− tag mode fit to a
double Gaussian signal plus linear background
(19222 events, χ2/Nbin = 259/17)
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Figure 6.37: mBC(K0Spi
0pi0) in data high-
lighting the nominal signal region (red) and
the two sideband regions (blue)
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Figure 6.38: mBC(K0Spi
0pi0) in SMC high-
lighting the nominal signal region (red) and
the two sideband regions (blue)
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Figure 6.39: ∆E(K0Spi
0pi0) distribution in
data for the K+pi− tag mode using the mBC
sideband region (31 events)
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Figure 6.40: ∆E(K0Spi
0pi0) distribution in
SMC for the K+pi− tag mode using the mBC
sideband region (891 events)
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Figure 6.41: ∆E(K0Spi
0pi0) distribution in
data for the K+pi−pi0 tag mode using the mBC
sideband region (66 events)
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Figure 6.42: ∆E(K0Spi
0pi0) distribution in
SMC for the K+pi−pi0 tag mode using the
mBC sideband region (2405 events)
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Figure 6.43: ∆E(K0Spi
0pi0) distribution in
data for the K+pi−pi+pi− tag mode using the
mBC sideband region (85 events)
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Figure 6.44: ∆E(K0Spi
0pi0) distribution in
SMC for the K+pi−pi+pi− tag mode using the
mBC sideband region (2291 events)
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Table 6.1: ∆E fit results from 285 data
events (K+pi− tag)
µ (-1.7 ± 1.3) MeV
σ (18.8 ± 1.1) MeV
Ns 247 ± 17
Nb 37.5 ± 8.1
x0 -136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 6.23/17
Table 6.2: ∆E fit results from 13991 signal
Monte Carlo events (K+pi− tag)
µ (-5.05 ± 0.15) MeV
σ1 (14.53 ± 0.21) MeV
σ2/σ1 2.75 ± 0.17
f1 0.851 ± 0.013
Ns 13670 ± 130
Nb 324 ± 65
x0 -136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 556/17
Table 6.3: ∆E fit results from 583 data
events (K+pi−pi0 tag)
µ (-1.67 ± 0.89) MeV
σ1 (9.6 ± 3.2) MeV
σ2/σ1 2.68 ± 0.61
f1 0.37 ± 0.17
Ns 500 ± 25
Nb 83 ± 15
x0 -136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 11.5/17
Table 6.4: ∆E fit results from 28643 signal
Monte Carlo events (K+pi−pi0 tag)
µ (-4.98 ± 0.11) MeV
σ1 (14.53 ± 0.17) MeV
σ2/σ1 2.67 ± 0.11
f1 0.821 ± 0.11
Ns 27700 ± 200
Nb 940 ± 110
x0 -136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 1170/17
Table 6.5: ∆E fit results from 445 data
events (K+pi−pi+pi− tag)
µ (-3.1 ± 1.1) MeV
σ1 (13.7 ± 1.6) MeV
σ2/σ1 2.76 ± 0.63
f1 0.63 ± 0.11
Ns 358 ± 28
Nb 87 ± 22
x0 -136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 11.1/17
Table 6.6: ∆E fit results from 19222 signal
Monte Carlo events (K+pi−pi+pi− tag)
µ (-4.56 ± 0.14) MeV
σ1 (14.57 ± 0.23) MeV
σ2/σ1 2.74 ± 0.17
f1 0.820 ± 0.014
Ns 18370 ± 170
Nb 850 ± 110
x0 -136 MeV (fixed)
x1 +136 MeV (fixed)
χ2/Nbin 611/17
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Table 6.7: Quantities measured by external sources used in this analysis to calculate the D0 →
K0Spi
0pi0 branching ratio via Equation 6.3
Tag Mode NST/εST α ε
2
pi0
K+pi− 229050 ± 600 1.130 ± 0.041 0.884 ± 0.028
K+pi−pi0 809700 ± 1700 1.099 ± 0.027 0.884 ± 0.028
K+pi−pi+pi− 449500 ± 1100 1.080 ± 0.028 0.884 ± 0.028
Table 6.8: Quantities measured by this analysis used to calculate the D0 → K0Spi0pi0 branching
ratio via Equation 6.3
Tag Mode Ngen NDT NDT,SMC
K+pi− 130000 247 ± 17 13670 ± 130 ± 80 ± 250
K+pi−pi0 462000 500 ± 25 27700 ± 200 ± 170 ± 500
K+pi−pi+pi− 269000 358 ± 28 18370 ± 170 ± 110 ± 330
Table 6.9: Branching ratio measurements
Tag Mode B(D0 → K0Spi0pi0)
K+pi− 0.01030 ± 0.00088
K+pi−pi0 0.01061 ± 0.00072
K+pi−pi+pi− 0.01099 ± 0.00099
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Table 6.10: Alternative K0S and signal-side D
0 selection criteria: tightened, loosened
Tag Mode Nominal Tightened Loosened
NDT 247 ± 17 227 ± 16 269 ± 18
K+pi− NDT,SMC 13670 ± 130 12520 ± 120 14330 ± 140
B.R. 0.01030 ± 0.00088 0.01030 ± 0.00090 0.01069 ± 0.00090
NDT 500 ± 25 454 ± 23 528 ± 26
K+pi−pi0 NDT,SMC 27700 ± 200 25290 ± 180 29060 ± 200
B.R. 0.01061 ± 0.00072 0.01055 ± 0.00072 0.01068 ± 0.00072
NDT 358 ± 28 320 ± 27 370 ± 28
K+pi−pi+pi− NDT,SMC 18370 ± 170 16740 ± 150 19220 ± 170
B.R. 0.01099 ± 0.00099 0.0105 ± 0.0010 0.01086 ± 0.00095
Table 6.11: Alternative signal-side pi0 selection criteria: |pi0 pull mass| < 2.5σ, no endcap photons
Tag Mode Nominal |pi0 pull| < 2.5σ No Endcap Photons
NDT 247 ± 17 229 ± 16 209 ± 15
K+pi− NDT,SMC 13670 ± 130 12760 ± 120 11030 ± 130
B.R. 0.01030 ± 0.00088 0.01020 ± 0.00089 0.01079 ± 0.00097
NDT 500 ± 25 473 ± 24 405 ± 23
K+pi−pi0 NDT,SMC 27700 ± 200 25690 ± 180 22210 ± 180
B.R. 0.01061 ± 0.00072 0.01080 ± 0.00074 0.01073 ± 0.00078
NDT 358 ± 28 335 ± 32 296 ± 24
K+pi−pi+pi− NDT,SMC 18370 ± 170 16940 ± 150 14500 ± 160
B.R. 0.01099 ± 0.00099 0.0112 ± 0.0012 0.0115 ± 0.0011
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Table 6.12: Alternative methods of measuring DT fields: fitting ∆E distributions with a linear
background (Linear Bkg.), sideband subtraction (Sideband Sub.)
Tag Mode Nominal Linear Bkg. Sideband Sub.
NDT 247 ± 17 247 ± 17 254 ± 18
K+pi− NDT,SMC 13670 ± 130 13350 ± 120 13100 ± 120
B.R. 0.01030 ± 0.00088 0.01051 ± 0.00090 0.01102 ± 0.00097
NDT 500 ± 25 496 ± 25 517 ± 25
K+pi−pi0 NDT,SMC 27700 ± 200 27020 ± 180 26240 ± 180
B.R. 0.01061 ± 0.00072 0.01079 ± 0.00074 0.01158 ± 0.00078
NDT 358 ± 28 352 ± 25 360 ± 23
K+pi−pi+pi− NDT,SMC 18370 ± 170 17890 ± 150 16930 ± 150
B.R. 0.01099 ± 0.00099 0.01110 ± 0.00094 0.01200 ± 0.00095
Table 6.13: Branching ratio measurements, including statistical and systematic uncertainties, of
the D0 → K0Spi0pi0 decay
Tag Mode B(D0 → K0Spi0pi0)
K+pi− 0.01030 ± 0.00088 ± 0.00073
K+pi−pi0 0.01061 ± 0.00072 ± 0.00097
K+pi−pi+pi− 0.01099 ± 0.00099 ± 0.00100
Weighted Average 0.01059 ± 0.00049 ± 0.00050
113
Chapter 7
Conclusion
This dissertation presents an analysis of the D0 → K0Spi0pi0 decay performed by analyzing the
full CLEO-c data set of 818 pb−1 of integrated luminosity collected on or near the ψ(3770)
threshold energy. The D0 → K0Spi0pi0 branching ratio is found to be (1.059 ± 0.049 ±
0.050)%, and S-wave features are found to dominate the pi0pi0 axis of the Dalitz plot.
While it is clear that the detailed components of the S-wave feature seen on the Dalitz
plot are not well defined by any of our models, the overall shape and fit fraction of the
object itself is robust against changes in the modeling details. We interpret this as a sign
that, while the underlying physics is not well represented by a simple combination of isobar
resonances, this simple model does capture the striking features that there is significant
destructive interference at m2(pi0pi0) around 1 GeV2/c4 and that the overall pi0pi0 S-wave
component accounts for about one-third of all D0 → K0Spi0pi0 decays.
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